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FIMI

"I~r zamr- --z to be presenled A~ the~ .3ecr:ni

"3ypc" on Detfsnation being sp.onsored bar tb..a1! Ofrce. or. 9,, 10, =nd 11 February 1955. Two 4oIlmmex
ara being isjuad, one cont.Aining the ¶JneJlrwsfi'ed
and tie other the c3.ass~fied Pý.psr3. n.cha*I
these prop-Ants are receiving a .2wfted distribu-
tion they are rc to be considered as a substitute
fo p.1 .P_ n in appropriate scientific journal1s.14 fre _ý .t of this symposium is to bring
toget.her scieuwist3 from vuv~ernmeont., ualver.jity ir.d
£-Y-ustry to discuss recent adva~nces in theory,
e~eriment -And :ippliet~tion in th~is fiel~d of chemi-I cal physics,4 This OffJ.,e is of the opinion that the symupo-

alv t whicoh thege pi-pers will be discussed wiji
atimillate new iAesearch in this complex field. The
re.Lationsnip ofacv~inces in the kmwoledge, of deto-
nation phenomouai to th~e effectiveness of the use
of moleculxr explosives maks this ".pact of
science of importance to the Departmnt -f the
14iry and the Department of Nfens~e.

Io aUl thloaswo . contr vtib. - m prs and
plan to attend t=4. sympoaiium, L6*e CriLcs of Havi)

Rssac~-.~xp ~Rear±~ appr.Lati USN

!4;0
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U.3, * val Ordnac* IAboztcv.7
!ji3ver Qprlng, YrIAryAiA

Umaogt &U inten1t1.ap&1y astabl-tahed explosive reactiousp
whether for jo,.tory experivents, caarcial applicatiomso or in
=*"auce itims, wi's ini~tiated. by mum~s of r~l3MivelY veac %WUlses.
Thep*e veek 1Impulis. whether mechanical, electriclsj. or teml

eneroiy ignite dfaipgrticm at the coloeive material uahich, under

of this process, the inciplent, d~twonatic thuIs establisywd is the
mdetreaction vh~ch can Pmpa6PtA as a ý' Stmaio £ZA wst SMV

tu it~s stable rate, The -aLTIou& phabea of this process have been
discus5,d by &st1.1covcwo , Bo jAA~ Xorffe(2 ), SX-4ZZ et ai3

k4,Gamov aaud Finj~iIe,~4aI5I# anL1 many others.

Pr~~ssvil rad'y axtriaceisso hazard"u that it is alwat

3, ~UsV%. dene. The usuaj. pt'.eiice is tha' of subaivlId~x ttha exlosive
dl~as atotvoor orecaurmatsIn which there is a ganwmuJ
In-Tve reltionhip bzvem al ad sensitivity and of isolating

lis shor-tly as possible before j.he 2!!rg& is to tNe detC~nte4,

)hMa~AdtM±&ga "nidravj.&= aEA tbe fact tha.t the =--t
e*: teotive zAtflisa f~or %me phase of this process is Awt nece~eaerilj
the wA V'- effective for another ph"*e results in further siibdLvision,
of exlosive charges. Practically e~ery detonationi of intentionali
o~rlin,, In the course of its growth$, he* encountered- -e ormo
d~istantinuities * The re-liability wi~th which detot~itoi can e
trisnsait- A *arose these di5sO 2att ties is artee'i..4 by a ,!
v%'I.o±ty of factors Inalui4±ng the prorpexies of the =xp).oiive
W.*qtr4_&jA involved: the d~aalitaae at which they ame loaded, the
mtaralz ia which tba'y are acoflm*d, thc~r absolute ud. roJlati-in
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A iiiie, their relative poelitimox, and the !-:ýtr and p"Ltion of eay
It i w It bvicus tll-t so Msnv 1-tiut'ittimnil of

.1 tzes. racutra are COW.blei "~t thax.e viii. roerz iet
A Lavastignta all. of thoir int4*ractions,

Mrst of th~e wc'k walch has been doae by tl* awathors in -;b~s
f isel. bas invo.Lved dat'zu±latlcas of the cmiltious un~der vhtch me
L!Pr* whc Ye have Cafled the ndior, v-p ill lott±&-t. mfloter

kz-ou.- asta acceptor". 1h scew cases. t:A damors and aceaptors
'~ear standar or propoased c~1os±,e traIin c~~ients such~ an

L2~ detaoatorrs. 3.ihidS. boosters, or Piaulatod minl abarges. Mwe often.
special.: idealijed cepnmte nave 'een used~.

* aqueriojertA3 ... ý detunatim Ss5 usJ4Uy. consdered tohve bo
tra---itt~d *,eita two cihargeti i~r theo acftpt= deAu.oWes wIjh
ww*a rit r-%I= lutas"Uy r~da accecrmaia the crtro
used to differentffi.te bet%*en "fires" &zOd "misfirea' introduces
questions Cf orders of datoneitIon,, btit In most exy-rimsnts the outpabI
Or' t.% Accepto is either 2aticaI41. zogi±~b1. or so near the
maximum -ttAt. tze differenes are difficult to detect. if, does not

fllvthat C11 charges 0e lasnified as "fires" a"e ini~tiated at th~eir
at~able- dptcnaticn rates. Th'e ~amal sit~atior is quit.a Umi qpoaite
sincee in experimntiq aimd at detnluingn the tzn%ý,h',d coz..dtions
for iy almost trl*J~a ViLE be mde amder ccmd~ticis very near

I detcuate at all, build up to stable detonatton quite quicW~. The
namlftsior- of datonat±io involves the caz~1etloa Lr the.ono of U

astablIshkinn of cond.i-Uans vhIcka insuret the growth or detonatim.
Wnether thedood~nant initiatiom Pch1mnem is hc"eneouts coW Srtve

or 14.UIo by'~L' air aLv:c Au rw.atiou pr--ducts,
3 ccaditiozns necesszry for the o" of deoa*" ae those of hIghr

zchc Of the t-ransission -,ebanisini mentioned# the Smwth of
aetonaticc depecds -- a the ris8e of tec~ezsti-e andi rreassiw 61ue toSthe excess of bA.at md~ gas e-oived aimr that ltr~t to the D ~ ue
to ?el* trsInvolved in twa pr-cesses,' heat l'oaes dne to

ccnu%:aoua-eProbabli, second order efzfecs so 3 that rbe principal
.9 '-'o1i 1.1i -4th- - tt = ",1th -A-L

Proen+. 1¶be most laqnbnt&Ut %!jt~wt vi h Affect tbc- +- qSioj~j
1ýq of 4Atonatioa arm tkosie vhich effect the -.4gor of the reacticm which
,jq1l established in the accWepor end those vhieh retAud the expenaion

+he vericu-i ftttoru 1axvolved, axe so intervoyca that it id 41.ffi1cult
to O-t-%o hazeecsbt akost of the a~qejrjt4Lj. .isu.lts

:klwm*tei asptalitv An n~iqrousai tlput +.1'is fact hardly

L OW104l , UW~AL
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M el~er1lniatfl Tv.-'eeures qui1to a "N~s of the@*t enporitments were
Jxcteraina'Liccs if tho aritical conditions for the Iniitiation M3

*ds' ,ct~atiua 'In an explosiv* ilmn by xwans of an*.her. * Te
critica~l Q.;=tlo is daflz~d as tka leaut fzaoable ot the series
of relatod econdittivw for whicb. the dmor vill initiate datonstion

*of the te-sto'r. 5*it:h ino-A~tIon unotustsly caanot be ob#a%-ed
f.-Ar any me camir~ation of a. darvoi and an accotore All that -%- b
le~azmo. rns o sno% is t~oS', the acceptor was or was not Initlatod.
The first a~perLsont which *vggests itself is that *-f ;'wvrkc-g lip"<1'to t1a critical. point fron each, side with a series of straddling* '1 ~SWU' U41=9 UWCZIQt1. ==:ra -6; &C:*VUW.. HoVwevr it is

I~i~:±~L, i-'0t. W-pet~e LQ e =C ants which awe nearlXy
eno-zSh ±4entital for this type of exper~iment,, thus each set of dmo
arA acceptor has a unique critical point. Me exerment must be
directed to-t-i'd d'teA=za~ing Vie average critical voint. which, upon

114 ~ a little ref loct ict. can be seen to be the point at wi&ch, 50 of the
Siacceptors fire. * uip the past war a method for determining such

'S t-stittics was deriaed ILY the Explosives Research Iaboratory,,
EnAitrI P&9 wt *.me analyod and ref lneal by the Sta1tiatiwa

zothod, whiah will be referred to herein as the BrA~eto method,
Involves a serie, of trials the c-vditiana for each of Vaicb wre
dotenmiWLc' by the result of the previous trial,# and Is described in

more detail in a report --* te StatiotICSl flheuameh group or 420

1.21 %ziterla of Datonatti-

The Bruceton mth%^' is appl-icable onlty where the resnit of a
U single trial can be pla~ed u~f~nitey in one of two categ~ories; in

t~e cast of propi~ation toists, detonaticnor failure of the tiecertor.

Ddt."nstio n ' a ar~rinally ±tt~4- ebarre v3ite obvio"L' *.Ai

initiated at ao~ething ]eVa then A'•*S 3table ::steP. Sta~ble d.-cmation
!. cho=c zly cfter a certaiu awua of thu accepu-e .Vl eiv hasItsc:~ c'~z-=d.. As the -44or of intiLati= is Inc,-reased,, t14 quautity* I ~~of e~plog4VO eCMnUn~ in the growoh pr,%#ess szorl beepctdt

ýA ~da;;rve with a correspoQding increaae in the outpuv e the acceptor
v.1a. 4410±r~ia~d UY the damage to .4 tos case or by other m~i14via wbw.cA
*1m±Sbt be used. Thus, in an &q~ertsent to daetrsa-3i the t.%iMtj.LOV-

ýA4e, whi~ch. Aetooation Is transmitted fruma %me charge to anothar.,
thft -Nsult zl.y de-PA'd upon the criteri~a Of d41AtMat±m used t.o

cioL i* given trial as a 11fire" or Mifr"*Te seriousniess of
tai* effect depends upon thq re.Lstioasbip between the rta~t of
"A±l4..i Me'. tt-: vurIPtiOn GO c±Jaeibcteristics frin on* i~ndividuaL

7- ~~dz-ir or ac2erptcir to another. *it viiL 1,e sbcvwn in r. later sootion
Si q

.3I
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%-.de nulot~mat of tk~e data repmrteo. hqraid were obteir'-d..,

t_-, o=-' -Ia& eSform:-tiO1 vhbJA were use to zi

(-r~tr-tai of taetom~tl.n we* rare,

Althcuib fttas ota.neLuf bry awms of a mre~ty of e~'qtmr-tasa ar.
ascussee1 axpariz~ts cl t!:" kind schuieticsL-yiJ~'~teI in ?igures 1 and 2 exe the sources of most of the data*

~T1

ý7 '-*--

Boost~er Senfiiti-rity Test (7)

The ez-1mrii~ntat1.4_a-P~a_ ra-how in T'i.-xe 1 w-, .=-d byr
-- ~ '5tc, Su~it~i,~r~i Wa.t*6 - to inv~p!4ti.ate the. effect of a razlety

-'foators tq = tbe tranmiission of ddtoc_,tiQj. That anownf in
i- bd NP*I ujSeo. errana.%veiy by the 8uta1oZ* of this pap-.

1Te enez-ý& tranA1r between donor avd aoceptzr In the 7joosta
sens 1t.-At test '- iaccwT1ished by, tb.2 trausiission of shock wva;*
tba-wUKUia.-I betwven *-ild materials, a relatively sim,2e -r ctai

ISO Tr~saIA1401inn ac±-cia &a&L ar gap an ira ~'6igUe 2 is acmvhat or-

c;rslicf"nszce tk -ar in a:)aho:Zone e±:eWiyho:Z8, the
orur~ oft rn,)OOC(9)*. a'izl Is ±c,.ov~d by a m", ci product 4ase~

InC1 -+ oth hc velociJ2. 6ikawh*%
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* ~daezsity is~ quite 'appr-.ciEnhle. Zz.r t'ie hi 1, temppaj~tizv e- ~LL a.Ls
R?ý4 t!-- high kinetic e=:r~' of tfel~~c grzes "YV lwýmr
iffnlc~t-Arlt f&(t~s rS inhet.a$~i~jcr of dtonfltVDn~ ant. th~e air

3as s uch'. The confl rit, vbW.ch is nacesear.y baecakwe ofth
'ALj PAai "'iie , wicd's f'.~thar c=)aiy iiffm=C-e

=a-.v be of reasrmablv ganeri appltcability.

F~actors Re]iated~ to Dimensimas of R~cposiva Cb!Mgs

It is5. eJf evi-dent. that thtea e~tctLiverz~ of tte transmissi5on 04,
datonation stiou.Ld incr,,,ase v3.th the e1ze of the dmh charg~e. With
-%t ry hial1 donaors the ~eamp-:i effict can cause eigýIficaz* ciecres.¶e
in the ateclsJ detonation vw1octy and the detonatqb= may not -- or two
Its=.d= otzhbb1a m~te. Atzer stab.As danA~tiov az a rate cl.osely
Pmeroximrating the pivr wave dzi- o rate &as boon av±idev1; the
eiiarttyeness of a Janor ecoitiniies to in=-a"* vit~a size "btatu the~
larger r&aas o:: exlosive products takez lmt~er to ~expnd ~iM t~us
maiut,&ns conditic-- conducive to growth of detonation in the
acceptor fr',r a 1onZ~r timi. in- a gap or barriar test., this ca~b1zes
with~ the goneral scallnS. law which arpplies generallv '.o ex2p oaion
Phenomena. As the diamter of the don~or Us increased the critical
gap or ba.rrier thicimess Inereasaeq are rar-idly. AnA Ta'ilz I atue
data uf Syster, Smith, Anti Waluxnh~v' show thIs relationship.

1koser ism V~ght Critical Th.Lc~mss, Wax Ba.rrier

(iziAe 1-48 Pent-olite Ccr A-3 Cc Pici atol 52/48

lx4( 40. IS-

~.50 i4% 50 39. 2.2-9 1

B3OObtar Sensitivt Te.; - Le"Lu L' -ts

('retx'yl Dooster - -..,o :cŽ'.er. 1A -

q-Z. ̂- 1 44 ~ 4 is a-'Zc 3- :,L.- "42I 34,&

t-e Prtzent au'thors. The d~eviation~ frcz. gc-o t.ric'tl. cý-%U'- .-Ul oe
&aecxiW.- to the tim fla-ctze Involvod. Tetiar- oarsociated with the

tLý a..:eptor exploiive is depeadernt %VCD i4,caI cotnditiconA In tha
NO ~ react~on zoa.

ioel prin~ipal effect of accetor e-tszauz~ Is that up~on the

resistance of the ey~.c ~thp. exqpgasion of the ~ o h



retc 1:.ýn vcne. When an exc.r"-.,v -ihrg Jl -.%crir its
*:eoitatonce to expan~ior& tncreaarca, of co,.:ýe, with !tC dlbiaaem so

~, "1 ~ * . -,,e =rnt easi4y init~Atmo..i. Tin a r ~ct bag ~f
ac=,atr-ated by Eystur, L ~ l.~~8 .'c ~t nept

"". dAata- i4~ tz ap-part se-ai-s %ý -,a8 ,jcm-rm; rm-
~~.ojis m~t!nla~%rdsa less rosistNZ3'. to .L=anal± thmai the

mei eoa t-hot. a w-.1-Dzio neba i umr4e by. the
-ý-clmty",.r th~e *ju'1.t Thus the mppca.%,-nt - .lative sGBitivit,' of the

accept'wv d~ependsa up the danor diauatar. P41-'?e 3 shiows this qgdto

aptiatm accayt4to lla~rtGr Is a±t. lea; *.h=. the dior4±ater.

4000

I - 020

0~0.1600L..iR

ligu* 3Air Ca ateSI cl a Ts sRltdt cet

Wa-tego05.0: 0tm1na IsO owleao Iieefclma
principle IofCreat practical U~otance wmtedonor m
tw.ufpt~a are the in-terx.41.te W.i bzaa charge 4f a det=.ztcr. .it i

6 ~coJGmflTAAL
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1 ton, Savitt * Starr, .Str'sauj

Aioze y sin etail by the present #Authiors in a recient
~. 4peper(10). Where the t';cenaiticm frro bur-a to datonaltian takes

pl c in land Azide it 13 so m~pid t~mr. trA- effect of ;olum lesixth
obuer rdin =at~ espttrirwns 1a6 tLJ~t czso,-IAt~d. wil t;ý erowea of
the "%hea4'r of reaction r-rod~ucts rather t*.& t:=t -if tze detoiat~iou*

- ~ As th ýz W- at 4k Ann coluu isa increased a * agt L A of the hesad
of meet behindi ce dA=waticn frtmt i~q Jacr.oased, tV to the point

increases la l3.gth rculz2:1.n nm' ±ntcer-kae6 1- efet-mt..g- T.axu
-,(Ant deqj*iid upoa the m~anner In vhiah the dano Is ecadinu4. fte14 ~Lsagth of =h bead affects t~a tesrt xvisuLt throm&s ift effect cl tb,-

.:Aeuai 01' t~ted shock si.Cd accoeanying phoma am
in r^eslating the rearward ewourson± or tne acceptor reaeCa ;&o ya,*ts*
As night be aapected., a. givn Increase in chars weight It 2ess

-effective U& imereasinG +the o~fr.ccti',mesa of a danam. vban it In added
by ince~asing te ldngth thi -,mn the d~ameter is lnaremed.

240

240 _ _VHSKS.AED&-Q00 S40 CCEPTOR DAMCTER $0.190 INCH

L-OMLENGTH 07 COMOR A(IDE00CR'IMet13 ..1 01AII ___ 010 jfC

.....K-,

DOMlOs DIME~TER CONSTANT 4.1B,. L/0 1 3
so L/PM '07 *0

4,P-e i4

Critical Axial Air Gaps Across Whic-h Detonatlo Isj Tranlmitted, Between Lead AzI~d and Tetry

?*.!. offect of Lcceptor loig~th %Tcm the trtnim1selom~ of
tdatoniat~cu It usuaLlvy qu±'.e small. Where a short aonor is 1ac.e4

_____* ~CND~TIA
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p CQ~L 1~.CIAL fl"'-3tor', ZSuvItt. Starr, ;54rosau

ne =pocte to rel"oiu the inc~.&ent antd increase the -

anp-rimt sem ti~vitty. One of t1e pro&&&. aukthors has s~ow(l4.) tlm&t
froaauch aystems, T~he l~ength of the donor had. U, be rmduced to

0.~J ~Cj2 e '- -'- ~ - a -r, of any otha*r dimensie inwo2.ed
before this effect could. Do daue~tied. A second cifect of accep.&)?r

1-!r~ upn aengitivity which may, be real. or apparent de ST&in VVCn
1 n"-.Preta'U.ve point r 'view is that related t~growth of d~tomation

J,,Z.e acceptor. !hdar circuttenms where the growth of detm~ation
zs ~may r*quir. a column ismnth of tie same order of mammituae as the

colum 2aegt,e, are required for tho growth of detonation.

12 3 46

Figure 5*
Ezpl~osivo Conitainer lvrnuients Shc'wing the Effect of teVgro

Initiation tmthe Growth of Deton~tioc in Tvtryl
4fhe 4!zt-L-a 'Motena oo fP loaded at a Pressure of
l0.0-M. ral And the tlarý .. mi.h lgIm aeeptor of teywith a
diamieter or U..300 inches, ioacet4 at a PIreasuz of 1r,*OOO.Psii .4&4aie.a indiicte-1. Note that the provth to hih orderdaz t.o
-ta t2~o acceptor as ref lacti. by t',e diatorti=o~ f tha aacs:,ptol'

enntainebea qba. nat- dual for larme values of x an&~e that the
stxerequir~d In thi tetryl' for bhe reaction to grow Vi high

oxOe t -.caum-on ILncronajs with lacreaaIzS x. that is wit .
&-trea~ngvigor of nin.tisktiozi.



±ýaWptou, Lavitt, StAXT. Stresaa

az Fstc-f~ RO~ to Cl- zition, el' 22 sive

in gozenel, enpJosive~s vh:Lch ars mmor "bizant" as Indlazlie by
bd~ detonation velocity, i2.rgo ilat6 dant results, et,-*.,, we SO-T
effective Ou," -WrapU a-Am& moreU s. ~~ e2nsit:ve by, other

&L~aýS 2*_*, 3usn imat senuitivity obtainted uslag drop' tests, ex
1 =or* s56fl3it1V acccttorse In erperlmnts~ to d~tarAI tbe 210l120M

cooseie required to liatitiat zaat ff, it v~s f,.- tbat 6.1 qxs of
-~ RD~IW.,ax, 97/3 is eq~iva'laut to 8.3 j~mu af t.etryl. ?1guf 6 showe

-Tc coT _ls.± beeven Impact sensitivity uAn cr~tia1 l ~ w

wd~0 book OAN 0.413 D~ IAN~Ef C 1. . LO I

~" r -r~! 0.114
04 LACCLTO:: oer

off4T nn 1 00,

I_
Mw9*6A4! flOM HLIGNT AS PER CENT OF TNT

4 DATA PMudi OdAiono S57- so)

an Ral~z Led tn TMPOAct Sensitivity

~~ A Who" the d~o :is very s&Usf,, Pks for exa~ile in Nulniww'
pr4 4 t2ng charge" experiamut, the rapidity vizh vb~ch ±.e wploeiv*
etacts the tzesitian froa b~nung to detoziatica lo the proolaw-J't
factor In its eflMeotivuwans. Good. !sI b.to as bersn obtalmt4

1s.zvz1 ivvty of KDX to Iint~iation by other e2osrn~sit for mvts

is _-uea or e sburp2y reduced. by the addition of' um or saJW-4'
rialMs than ts its Impact sensitivity.Nte*I gar6taj

t..A~oz betuIeen CoVi A and 1I1-M.

9 COVnILUM&L
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: I t=, Savitt., StArr., Stresau

J ~ trso ul m xdz-a This mayberltdoth
r~a741,~ty 10r-nreinti~tz nix~rig duwr±g the r~intm.i
Suen mixtures tosiderable d~fficul.ty )YAs been w~riencad In produa-
ing a zaterii.1 with accepta~1s in~act sersitivity vlaich can b

I 'ctoris WAted to Statas of Aeaticn
C bArges ofsldeplsv*a =~ ~rbycU l

by prerssing from granular matrial. la either ca.e large variationsI
In ~aran or vu-tic'le MItgg are Poesible. 3h ad~it±=. the density ofapressed grani2. w~lsivos my be varied over a wide r&Wg. Mwe
effeets of the voids in pressed gmnuawa eMlosIves my be
eninarated a& follawst

;.A,1.- A Iawo increas in effective surzace area, which ums 0he
SateL*±al moro~ Ignitable and Increases the mass& iSSatSS "~to for a
given surface burn!" rpts.

2. An increase in the ozura.U caW saibility and the
7re-Portion of the ene~rg of a shock cowverteod to 1ntersltitia beat.

TheresltIs that much weaker shooks can cause reactions at
sufficienti rigor vo prvprigate "s detonations.

~~ 3. MAnwmc,'ase In the effec~tive free voltm vth the rosult t-hat
a given reaction rate results in a sower pressure rias wa thus
tends toawar4 less rapid acceleration of the reaction6

~.A after%&" in the velocity saul pressure of stable detenation
'with IM=0-easin PerantAge viJA.1; 5. ~A reductIon in the "N.oustta iupjclanca" both becams, of the
reduced density and the incnear~d ocWiesibility. This resUft~ InI ~an iW~rvwmNse rf shockc tranmiss ion between the explosive sad l.ow

-eden-ce meiz ri-h as air and deterioration of Dhock ctaic1jation
With nish :Veftncevei such a" s-tee.l

.1t is quite plain. that those effects ray reinforce or cOutesato we
-=aot~r in their ialueace tuon the trmnsm~issin of detonsatin
dgpending o rcusae.

Most Primary explosives depend ugon a combination of the Otrst
two Of thwil effecta to promote the trmnaiticn from ',nn'nng to

dstoa'on.Whfn -'ressed to a dansit~y above a hialt cabrsctoristlc
Of the 69P11osivm the:' refuse to al"Toot this tranxition, This
phenomenon is known an "dead pressing". It has been. stated

;j fraqP4Uet!Z bAat wreury A~m.lnate is dead pressed at loading pressurts
in excea Of '10 CPal. ~34Wn Of th preeent authors hL.TG 5bhi&

EIMA ~that thj it.~ -DsAY very hrom 5L,000 tv 80,,000 poi Uepending %Won

MZ2UIA

PJ 1 
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Z~pttna, bavitt,, StSrtresa1u

co~1±tioa13 of cfizremenvt. !Aad aZide shows leass tWCAso than other
axplosives to 'dead pre~ss" probablly i.cause it,* extremp hmadngas

MAI =Ga~.to in quace high- p-e-eentages as 'V01d. at practicm loading
ZOO ~~press-tea * Bcv emr. "dMaad pressinR" effects bavc, I..a abiiez-m with

particui.Lry if the lead. azicte has been loaded in~ a high hmidity
a~rmoiphere. Whfire "dz.0A preesiszn* is not. a factor,, the third maM
tfixrth effocts mentionod arpyr-q'iu Iz a ge~ttra) lm~resee inte
aftecti.Wflnem ef donors with Increasing demaity.

The msmer in v1hica than* effects combine to d .. ezim the

qualitatiel~y. '4uanti~t~itv -". i~3'to of thA affect at density
on the tra-vnidssion of datozatioti ?L&x not been l'drt8alm. The
embhined Wteats can be obserz'jed &2Ta&vaenta.Uy but It In difficult
to sepa's1e tb.wa In air gap experinents, the appam't, sensitivity

d~ensitiob used in or~r-aze. wh~ere barriers of other ustartals are
deit ncithic" gap is density withn tIwa =ctl alumS of

barier Yxte hat+=% aiR varies vc o hrl ithi density
thm oesthebar~t.D--,WM fomd bxt wih ablimet air ppsa]n stelvz'iriers, tw ii u eiyo C etr as m3 uvep1ter =a

I\AI4 GAP TTY

Z 'TSTYL

0.14

~~1. 0.4 - .-6 -

N ~T~rTFYL DENS~I 1

itropafat~ton of LNetona~riv iLBd Azidle to Tv
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I E3t'~,savitt, staT, StMa&'

o ~ ~ ~ i e pl.osi-ma lo&Uod to duui.-ttri4m lovc: ,. z 'tne suzau

urdmace pmAie ul smtha dnat = is afimoer a.zi teU~w
"Ateten 14.trs" and4 "misfirtxs" b4jz~a iive LuebIL1.oua Thei ciholc of

crtia±roza of fli~e can~ Nave a 2:swjt&Uti~l elfc U;; __' tt~to

top. lin O & AT 24.wi

I e L?

D.erp'en4.ce of Ala' Ga~p Sawsitvit1y of Tetr'yl Upon Loadi~ng Dwinity
and Critaricgi of Fire

i*Reg~ular B-umtan type air gap sesit.ivit-, tezts wo- rA2't01wa4

otrof inaal-tivity vith density vhmf the cri~terionl of i.1*

Brueto tos is vuI~rea fr- one requiring that the accetor1

12 cON VMTZL%
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JA Brt.Qn zdv.tt, Starr, St..:e&1

S1inilfr1' Poirt~icle SiZ6 affec'.6= il t 4 a eU46A of
-tna.1 irld akn ~ e ce o~f -V4role of surouce burn~ing

.4 in incipient ad growing detonatioLo L-2 an investisa1.ku Of suchI
of~ects coarse sieve cuats were imm'aribly laso seasitive to,
ini-ttation thAn fine curts of eight i=*i;*=et iota = eryk1Z)

. ZAtheSam lotwhih pssedthrugha auwr 3 srmnwas C .150 Inches,,

VA3" z~ae s-e lses mitive then pWeused charges e? the aam
ýWplosive. Tedi~terane I wotwaa> e=1aiMIn Umsc
lo.ading lensity. Eyster, SAith, and Wa.IAtQb repowt 0.82 ±zuclm~s for
wo critGical thi.ckznessa vex- bu.irie iux the Inui-WAtUOe at Qat =,"

*1 (4ensity i.60) and 1.68 inches for pressed s? (density 1.5c5). fte
Vn4n. oi~w of eme- &inx*c1ves% afteats their sensitivity. in a mui'
31-m±I'..r to that at the pa3'tlels size of prease c~plei1so in
-4-4--2 booster terta carrWe out by present abthoreMO )bowt~w
a: 9.3 gram 3f tutry2. was required to initiate W1 cast at 1O00%
-xido #cond~ticus viu. "crooed" V11 east at Its melting point, was

!.nitiata4 by. 8.3 grms of tetryle The cryst~as or TM lii the casse cf

Zlc~.sive charges aegenerally -unebyIrt(non-exploslve)
aedl%. benvera detonation veaches a boundsry the shock is
tra-Anttd, o he adjacent a.&ilai, with. a resualtant U±.pl&4unt of

tIIItrfc between. the eW1osive and tue Iiner Gedia. Sln11arlj,
the more gx-adu&3:&y rising pressure associated wih grovIng

a aback is transmitted froma mod!=z' to zwvethe. the concept of

c~f a me&l-m I I 'fnod ac tt prodo;ct or It* diensity and torn valocity
"o.t vhich sound propagaes In it. Simt1aejy,, ths chsarateristic
shock ijpedance of a nediu might be dnfined. as the prad~ct of the
densitv ar- the velocity atwhic~h as~iock propagateas ft the vd.1.mo
TM variation of shock with Wnpitul~t iss reflected it,. a varlatllon of
the shock lmpedan"ce* A riSmouo% vree -Went taking this %vi-*tioL.
lInto account would. be severely limite'A by the lsaki of equIntiou' astatdt date In tha press~ure range assoliated. itith det.,ca.t±x
phenicana. For swem aterials,, inorzation, is awidlable regardin

the elolils ofsboke f ths srszth*For these a usaeful
apProamation 1Ae ths assuzwtion that the velocity la consta= ta~r
that P~a-,( of the shock wave which Is Imporiant in the Xr agatW~in
Of dkmtouatiorn.

Zu anort'ar papr of thiS conferenoci(L5) :At is showin that the
leng!t. ofr the boad of reaction products bI*frA the detonation front
of a confined coJium of e~qlosive is directly reiAted to the as.c

13 CO0flnWCLQ



CH n4; tq ~

.~ ~ ~ a'~or L~ec oalaixt8 As intioned above, -elnt

oi te detonAtieyn hew! ct the dono can ?Ave aq.etjeut oc tht

donurs 0.0 iC nenoe tin dia ter, confined in steal u mm
ini~tiated tata-4 /'pt acc=:twazr rem SAP of 0.O0i7 ini!Lea aemi

7U.u,8 tnczfl.0 respeer.Xe.l whils. t~~oii cn'nziw~d 1= A1gla"= wvu..d
initIlte t2* SW-1 aLCCePt* .-g &8?CSqS IW W of onlty .3.030 inchas.
The shoc impedwceas -f atel 3 ; brmee; azA all-in' areS 4.2,, 3.9, and
1' aywf.y r -IMaCti*,a-

41 A.S potateL out in Lba introductlor, tb&a pvrth of detcrstlo~a !u&
the &cccept.or d'~ends upo an iS iz -izsumi esTu1ltiag from the
ac*#a of gaseous produats and beat pz'oance. by th.e reaction .ive

!.-%gies, k 4 ''~ associ'~t4 vlt]2 e3esins. in an air Vp test tlbi.J irwurd a iiasion of tbA react1aL prodctsat af rettenty In~tIAte4
wceeptwr is retazrded by tko presee;.* of t17 An produibc Zsses to
im extent re.1%ted to th*ei! man awd denaltye Th rwsist....ce af the

-v"Malu '3 ra: O m;.nsian is oiAte to its aiho-ck

d~~ tao~Ling I)edium AcegDtor Cazf~rpnmnt(15) (2*4 sa±w to tetryl)

Of*coo afms (0-150 inch dlm~coltwms)

Lucit1.4 0.0838nhe
Z

4.n (al r~est) 2.6 in U

MW Q"6.2 0".105
- '~. 40.1-53

Steel (ama 1=~) 1,zO-L'5

~~Criicl Air Gap& Relaitd ;oAcutcqpdm x

Acceptor ConflnIn4 )Y~4 '.

The atfe?.,t of confinement upon wc-eptor dtsativjty va-ries vith the
erxpi~oave 'mi*:aj. !o.U. i ji, rt same =66tuasieets of
Dilmock(1'), 91.e critical. sups obtained for a nwubew of accetor
cicp1oeiwres using twio systes vhich differed, wAlny iii the conftinent
a 'o thie mcceptor. Bote tbA 1nytratw betwen tetr~1 Au rw-X -.;
betveen T7T and Coo A.

r _ I



AV. WA

Acce~ptor lbcplosive -2t". oUfieMnt

'.,or rj 0.0'46 inches 0.011 Inches I
0.049 4.0.010

rtry!L 0 -L,8
R=10 O "o 0.050 I

Table 1=I
f~mA Critical Gmag rg~ VArtatus EvpWo1OoiWs ror Zoo Cocrinw~tz

Thoi above discumsioc bae -ioncerned, Iteeif with tho deffcta of'~ I conflmne-t of explosives by amtaln rA so thick that .j -4y y be
conileed o o Ifinte.Nosyswasicdata an at wAM reiaz3±ug

Us Z~ec o co~imsntIn thinne 'r alld vassesj iro theI
tranodesio at dto ~ he M scattered data which an at hawA

Suapst to the aw1lhors thats as In most condfinnt effect&# the
sensi,;±vity or effectiveness r1±135 sharply vith thidkwwam at thast
thed wpoidsrcfha &..%.=aet a poinfv the vane~v thfaa. Isa
tMapraheso--e of VAII . aete aoif Us s. thle e oluon. ~ seisO

Conflimeit of an air' pp, between two e2Vlosive charges amf
a ver lare Weet toon turn 4ritical langth at such a gep.

Notice the order of nagnitudo difference betws the eonflUS& pP"
ulARed in the ecerimnts illustrated In FIigue 5, and tbm onccmrid
sops associated elsewhere In this ;Pier with exloeive charips of
the som size. BgHre -gain systematic dafta 8e lackin1g. Dd(

resulted, in *wre effect±i'e transmissic of detonation tbe me c
larger. U61% awcthar systmaj ua oZL the present auithers showed that
a g~r ozaal to or sligbt`- t.:~ n l tý dionnr rown3teed An
reial 6 agaitonhaapp evrhat, malle In dimt-sr than

tuedoor.Wih etil aotpr ysm,,otersofthe present withcre
.:acould detect no 4.¶ifferwflee b6tveft. & ap con-ttiwd in a tube slig~htl.y
lug larger tL±% the dm~or and1 ume thZ-" ti~e, the dUswt~,? of the done-.

-~~ la al. tolrte or~ these exprAWIMMtSp USe 40UMM iWur d. vicuv wi Wa
aetAJ cups aud aM~1ti=&l. barriezo were invoimW...I

Factors IziOvi~.vi! th* N&t~te or cGbe ep&&uat±IO B~tv"u

ft-ut of the ezperimnzs discussed above ar'e datwr1aitioa of Icritiua rir gays bet-wee coa~x1ia cylinders of 41 qlaos"rr Aitnouga
this zype of eznerljust is a conveniani.. too! for the Invogt1dation
or the effc. 1- of zany of tkti factors Involved In the tessr3c

of d-;*4ratiuu, r~st practical tranuaisaton probla Involve mor*ccW1.x systms * The persu~zt~ions of the interactions Involved in
suc:ji systems u-e overmzelming in numbcer * h- data ava±JLacje tký* too
divvers wid "spot~ty' -w give a cliar, cownece VVtr. ~ icte pitz So I

15I
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tbem, nove-mr, a-r qui..te rey].WZ6

mj trammission of delt-mAtion betve-in 'mvo "P~e Oba~rg~ss
S __ 2.~ t t~~"' of a' ihk frtkA donor expll~oiw

L~mdi. Utr~r~~g~wouab tn 'modi" LO t~ IS acccpOr~
~2.~~ve.Th.asum~ Tae 4hciz L 452JA= of the 1inter'venina z3aum± in

'-'rw app ~icat.cion ofl 4.1 .uaept of impedame. cmwIiad to

* ~deon~ationca CdA be tracai~tt" f&rue tetr'yl boosters to various
by taet-7.l boosters frm viuaoh they vare aseprated by v~rious
th±ckasevaea of +*I maime.r zateria!. By these
dst~amay '0ued 1-i a o r d ent Protmod e r

e ~explosive 50% of Usl tima. Vis depth varies vith the barrier
v~terialt. If it is eassumW that the obftk mirgy ub4.ch oustb

ItrensUm.tted to the t3;ooivs 1in order to 1n-tlate it Isis dpwl
of ti -4s.-- salon meQfl va *W.k thaet the depth of dmut pruoeduc Is aI 4±re.ct easur- of tho oear~v tramminttecd to the steel blockp

iveac owigprincipl.es mWbe used to Compute te reiativeI

ft-ble- IV ztvem t~a zriti-k"l bar~rier =ickeuises for the, initUt±U of
CmD a to Oth1k' VWIT Tme Corr. &on~n OMI or 40lz as JAerpo"JAf
1, n e ~-.n-"'ýttn1 dflta ard as cmmiltAd tieing i~pedane Coupl±LJ

F2 -ier Nitrl Brrier 1hck-eia (-50% E'o!t) Corresponding Dent

Wax0 v.e60.1 0.007

Poyt-~t1.4j7 0.013 0.031V

C~riti cal Barrierso Vareous ateil ihCnsod
Dot r10oduced in Steel Pac

eip.rimWtai L4~. *eCom-ted- using- Im dan1ce-
coupling .priiicllple. *'T-he dent p.oduced by the 50$ c001biatiwi a

b.'xis.e alu 4&1.ii" barz'ior vario -az ccWa~tatIo of Ux~
cenputi-ki 1,rriear thic~nes of other ar'2.
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7=tawltw 58W.Itt 1* Starr" .3traiia

It vJU.31.v neotedt that the arA ;=Puted~2 V pta lues give
acxj a4E1 rzeant betiieora aliamnuis, copper) and polxatvee

SU.w.hat wos tqr Vax, Vhile the CIP"msrA41. valveat fur fti an~d
'4oeAJ ame co~letely c'it of Line. The poor a&gr..w't ±rt- the wax

I 16" at cA~ of *La&te da furLU
4 ~ t&ri1 *Aa pointed out wrlUer in a~ ."aywat , t-ha p-14a=Gna,

qL.Boeiatei, with the trarmlecion at datonaticn 0 :ca air gaps i-w

A i~aretayUisobamtst~ a~lso epplles to voOd..

in iOc asAss air Saps &f4 bAwrtria "~ coebtm4. 4fp7~
* ss. of cv~bined barriers nd gave to that in which a rlatively

thin solid barrier is in &irect contact vit;% the do= enlosive my'.
J ~is fo~lloed ty a gap. Unde~r these circumeGances., tha bSZT±41

v~teriSa1 thich Is hurled across the pap playrs ani Ugortant roL in

trave1 for the solid ,uwtarlA3 to reaah its Aiaxiua veJlo'ety.4 this

most favorable cundlittcan7 tr tnuman ion5 of datmlatIca ivLve4an optainum pp. Do~dd(2 fon that the cqtlaiu pp for or ganh
syst~a was about 111b of an Iindh. Orswman ]RA u- t ,a (18 ) In

v. ~another systAm, ImnlkWing taninissIon betwom a distimsto =al a isad,

vbitls som %X the preseut autbors,, In a systeet Inolying the
initiatica of ELEX by aL booster, found that the optlu vas in oxn'oee
r.x& a qatrof an inch. Ma data In Table V vmr obtained in #am*
axporimmats d1irsete1 toward detrmuinaticn at the critical length of

-A booster for thA Lnlt±z-tia of cmet 11T* 3h the"e tests$, the tzoster
vas YellX -cnf1=C botA reW±~A and froi the rear. The 'buoster cups

.1-0- -- A 4i- -;.~ 1jiffia -tCff 07U~i *-0

basters were a .±xture orW iand waxvs (97/3). in each test4 the

a~ 1QOstwm for 50% ia.±-iaq&Uon was daterained by a iuirIsat

j 8trndoff Distanc Rocater ULwith for 5CA IUi4tW cý
__________'U -te1 C~inun CLV

V.AA20 3~47 Inches O2 nces8

Tabla Vu
Minim= Boosttr L!ozijth for Ii"-±tJ'A-RA-'n W& L&'&

Various SteLudoff Distance*

An tutis5at%1 Lt Zoature Qaf t1~a results obtowAid with the steel
boomt-rr c-ap is the substantial champe in booster wequirmamt as the
ga ViA.- incroaseed from 0.050 to 0.1MO inches although the boocter
leagtbh iLedi'd vith xeroam v an not very dIffer'ent frcm that vit!ti

0.41eqi An ONxrlenatica which has beom n-op~osed for t;-ts affz':t
in that theveJloc~ity o: t.1e bottcam of the cup lacreases :L1 steps an

9 17 CC1?'rIAL
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i'' • I- reyerba,--za. Note thim mail r bost,=,a 0. -e reqrea h
S altz"'~ma ct~s we used* 14 anot~wr e '.Vertma,l .1 were

SbarT;'.er of at.-=I which wa In• 411-ct cemftct, with 11n M •ace•c

to I- A "< 1-%-' .. .. 1
*- ý .. = .~r . -

S +• ~uad. aw c.", -4-n.•, .- trs cups v;e w.' usedl. Where' a Sp ;is
Interposed batmven a dow and an accepto~r a barrier in contact with

•.1

± n revr the- p 1-sio a it tband where. bootla ii-qt4 a* L n

-A ayu I cisi ae-n-wv toed impue anthransiso of h.Ltb)4j wh
mm*1itC~ a-=rst~-y It wa obsrvtic Ut atss y bose

bh(. alr:nr uto 3.bitete wa an ", 3aoU M o i iect cauitac1, with a ~t.cpo
; ae aauiate-lscue hig =d.nw d** r4U in - i*

as~ 67avt ia Figure toe t~ransissi~anm~on of deuatiofa.A=tion
sccp1.rh~i W13ema vwprs diff~icult. Ins Ob1ere 0 that critiatl boteranvr

. isplace--umta for. th traamea Of dete-a-ti~on bew don a ofS'lead aside an mercury n fulminate dS accfptors of ar-ious hiawh

e:In re~G. =aphicat±V comar~eed vithcrila % a~-nir Sin forh

nthe an& tciimAtisof r losve. The "S" sbfo of these curveis,fis a entl related to ue point at dhipa the ex id hole ia
wb'ioin +piono Fig rpe 9 a the# loaadiediozi oftn.&*nt to fr* M*7r tod

'-taepri v,.able vheu they do not. T is fac suggetes that thes

"lor. gases paoduced by +,.1-Areat ion acthe dew elsivei Fs r the

m...x.:'e se.•itive hlg~a W-;.,ira• ch• as MX ^s F" th meal borne

* I soc ezl~inu aparentL aphial ~rdw~ Mettnal uialMrga.

t-forwa k; i. - -. f +be "8"paoeves so•mthes hncwe

I is Lapace ttly initatinocred to ri* point otthihe theaxpnd thoe 1-n,

Arrageen of Do~ nor ba& awl b ,epto lcdin th~entt Trahe r lw

S tetrl, is ppersn~Ly Diseplaclemn wTesta, oesorap u

... -hoc Ie -I- '

* ~ ~ r~~w'~ft. 'i~r ' hs ~o~e utisih~
*1 ONO

• "...+ P1• e 9
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AXA IA " INCLHES'I

F ig ure 10A c o s T a g e e
Initiat±012 1Frverti~a'I Ur the -ralowive ~o5~s~o

nMLp1ArP.nft and& Axial Air GQVp8

.,j in ace cases cVltnaive charges we Initiated Wy man$ of
o=a11er cbareas which are Inect-td I-- hoe '-a tue accaptor cbaxget.
This itye of aystn may be quite effeetive. A.-= -f~e. 11rjvs
epeclea± b"t~ CeTS Ot au old lu Whi~ch Vero inapWO30 QL,

CWP ah"b r,"s reliably fr= any "xtera "osition

A. i.thsi In holes over ov, L~ deep. Uid.;e ri*&Wi-tab bv s5fle
wvith ho-laa r~gr.iý ini frcm 3/152 iazchD whic~h is a u~r
Olip~axane iAt,P to 2 lach. 'ther *videncz La also at hU4G vh±cA
=icist--d týAt tnh.s type. of initiation cain lbe 4jit. effective.

C~ a . ~l~ch detofla~cinE ±5 ?~w~ufor'od frr orte slap-,t
to .! next is by the we Ca tho ohsped cbarw princle la I tho

so called "spit beek" fuze. in the shaped charge a special sba"e Is
used. cii Uhe a of the deton..tor which ban tb* Coam *f a ecce with
the apex pointWn into the detonator.* The d- .cmstiou, ivs raching
t~his rmne cauoes It to coll.apse sad formSa ju which c4)o* *ztzates

wen ra nd makes iteffcviveat cosieasrbledi+as. This
liits Qsei n c*staln s~piicaitiors in whien It is desired to hAve

of concentrating te n-ra~ put out by the detoratoa, l of
al-dng tht Jet becocass critical. IP +.hip itt does not atcikAth

ellIWCtheI&



3umtamx, Savitt,, Stu-,t StrasalL

.~ Albooseral pm1vrCl i.L All ci coWurp not Initiate It* It WsbouA al.o
* 2J b-6 poilima. %ML thtl,, Iwo~ ci-erc MAiqtaas US. concentrastion oft the
tz. ever~r I two Alnsiau by a shaped cb&Pp' c- recult in X~l

isicruia a~ In tk6 L~~ bo ±iatim i-- wVI~re
:-T: r the ml13 dismater of' the 4-wwr1 the use at a show~e

i**-' ,¶,;* ew.r r-- -11t 4= .=Oalte fall .er'F! Suft fWiWas WO,

chumevz= by -t-'in3.y deem narrw~ lIoJms In the acespt~w.

Mv bosasujo been uMae oft tbe shaeil of the bowadwzy between
tvowQ.osivem lo"o'3a4 Into thbe samt e.1mt to central the fam at

th e 5tCmatigm wave as A. *4%hua tbe O~t. CA~ ar the slamte . af
detonatO, cr instaces, ccutalns tteo .zploeive mtmelmlap the lit,.

IF -6AUI%7 1083 U120t'~ thf Ofe thei~ 0*0'A &5 .i±d±.rSS r -

point atf in~jtatlou* If properly d&asija Ih X ol iv ln
OW.or ccwawerg" v.57 at the md~t end ut tft almuant.

117 T I?42 W OTO44-M PGOW
041411411111aaah C A iM" s MG LAO ASIO 1 PSOC I

Upruo

UNIRML' SIM C 0 U.

-0.3003

poEastma ?a Chr tn t rtion to

A, rber f emacna le maihmpo have b~ to sd eb

Orp teseproessest b em ophati rtuion e~dcts to ' propse
?"cibV~om, p oifrbr cn wichue amboe is =A h to to innm suo

matiumticsead toc1 ti to coplintusicm. bPialtpe n

tdrm.* 14Ire.-e Th = othat dmaiv ?etcmlnt uirb --Pm a* seris

CbMIC1 M4physicAl proceg"-&s, each qui~te sinplf In itself., vkdch
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* - 1xr~eriict reUMiatly w~ecr dL±CrzrxP otrxw~atanmes. ehse
* 4 Cacc uoiasns exrt jamaraliiAam. Wi~re speci~fic! c~onauaios may be

fC.rA a~evo.
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to• aOUT~ shcDae t ssontatAtexnilens flq

.4•!

•{ ~explosives, measurued in t.hic way,, ci-- be osrrelale. with the produc%
A z q, where 4 is the sum rate of ambustion at an arbltr.•rýF pmr-ara•
of 50 atms, and Q in a calculated heat of explosion. It appetre also

•"• .ha',s ••• ,uu of 6 -, : ',=..itiren."s wi*es.•-th
increasing value off IQs where le is the density of the exploslv*

mqi 
II

1 These result# have been in"airpreted in terms or the roAieLiwi -
A mode2. T1 ie 4xiomed that the shock vaes initlan tcm a oombus "osý

• •oclton in some region or the liquio explosive; the meo.hanism and
location ^f the initiation is ,,ut ,at known. -Aa c-•ar -to prodm~of
a positive effentl I.t. an explewnile increase in praesure or a

n•rsactiva shock wave, it is nect.39*-y for the pressure in this 0m
•{bustion region to inocrejase rapidly and it Is dwf that the rate of
Sincrease of pres ure depends 4ireotly on A z QOOQ aid the oroesureo,
.•.•.',••.and inversely on the linear dimensioni of the combustion r gion.I

!•T•w Preluot, 1 9 Q, gives a broad correlation with 3enlitivennes
over the renwe uf espleelvas frne thone as inert as ethyl nitrate and

• T.:;.T. to Lho.q, as sensitive as the initiator class. It fails, In
:../• this mim-p!e fort, with p'lastia propellants but it is shown that this.

'.ependenco of rate of burnTn,1 an pressue.. T,Nj, an- Picfle ,zid
S~have been examined in greater detail, The menlitivmetse of liqid d

Sgr•,in et , 'over a r•nge of densities have been m.asured. It is
she nu thrin the sennitten a. of pretsed chartes of T.N.T. (WAn of

•." e, Aced) man be interpreted w iay otes of ravity initiation, p.r .
"hat ,pots" created by the adiabatih a t preasion of games in al

tha..• , A....a ~ ~ l~o • z~.-~ 7f~! Inraeew

i i ew e h nt4

y.mu h

[mo" I. T' "s •nur tha "h •hc + .iit+c ac~bu.~
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4 Whit'read Wiaiaj.

cavity. In Lba pressedocarges t far examined, initiation of the
of.abustion reaction Is the ooLtrollln.• process wh!reas, for liqui•
explosives, initiation appeara to be easy, and growth (the rate of
i.noreasse of pressure in the oombustion domain) is the oontrolling
procaz;. '..i±d an! solii T..M.T. at the same density, are about
eqý.Ally aoanwv'vz oa L-th the gap Itut scales usr'. in this work.
This agreement is shown to be fortuitos and this de•'wticn was later

-ýnirmed by eflesurtemets ofr:::e serai t ivenesso i quid wA and oli

-_Th- a orrelati.n--1.- ;, iw rifle bulilet sensitivenoes of Iliqudd
A. -- plosivas with h.c gap test sensitiveness suggests that the rifle

bullet initiates a nobusticn reaction. This idea is rupprted b7
h•- ii fferont behaviour of p-astio nropeilants when subjeoted to

fai &-he rifle ballot teat and to the gap test.

The initiatitr prooess in liquid explosives, when aseemed by
the gap t-'st1 is disounned in the light of thia experimental work and
the negative us luaions reabchd that the initiation is not due to
the presmos of small axi bubbies or to density fluotuations in the
liquid. The meoh&i~oe, whereby a low-order detonation Is propagated
In a liquid exploei-A , remains a mystery.

"T e rel-a*.nnePhip between sensitivess ma i measured bi the gap
test and by other tesi., cuoh as the impact test, is dicussed. In
orier to be abla tn do this, smoe measursements or the conditions In
the gap vent bave been made. The shock pressa'ea neosma•7 to
produse an eMlosion or reactiw, shouk in the *zplottlva avs bean
measured, and it is deduoed fro th*e results t., granular aploet'e
Ah^VVM g thaMt the aefteotive" duration of the urgsure pulse
.... rcaaeau witi increat'ing preenuro and that this feiteov out bo taken
,'..-.to ~~~c.: t - assessing the r-Au.Ltt of the gap tea..

The oh ject of this work was to obtain a detailed inovtist of
Sth initiation and grOw~h •-roceases in explosion phenamua, so that
tho ponsibilities of more eff. ,ien't d'A.x2tisation of explosives
could be assessed. For homogeneou, solid and lio.pi explosivest the
"intrnsic" sansltiveness can be assessed free the oar rate of

A burning, w•hiih is a measuroabla prmmerty. It appciv 't.o bG difficult
if not impotible, to locr the rote ;f burn s6pt by reduc; I
thenaergy, which in olt.arly urdeusirsabl. We mi,• therefore#
oowen•.@ ate on stadyirn the effect of the pbysieal e.t-e .'f the
.• axploeive on its smnitivenes. For l'iqu.4 expl:iv.--s we poee
" to study the effeat ot inoressing viscosity on se~ntit ess. T
tha .ase of aolids onergy am be oonoentrate4 ltwLly by Motiong

iby tross eoncentrativ.i and by adiahatia . m-.orssaion of t•aqped air.
• 9• f thes. fcotors may be otntrollable by altoring orystal uhtitu
and iTo t1 al.or. The reie of deuonsitimerss such as wao, it
diL oumsed and it is suggested that smaller quantities, i.e. l165
thart t"h ouatmoary 10 - 15 per oents might be erf~ative if the
sufacses of the Individus' crystals of the expl.octia uan be

25 0ovtLde..,,o
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It* i2 km- ht o i vallie of ~,the rater. of bur'ning•o•..•=of en=p. lo&lve OOMPOUn~s eoareaae in• th Becraeme; nitramines,

"nitro;q'.ompo.onmda I ,itro.coounos. i wouldp therefe*# appear
. to be wortnhwia exp.orinM the ý,zld of rstro-oo~oin•s partic Ala

of the aliphatio series, more t.vrou.g2y.

1. 1

Any OI.souUU1Oi or the sensi tivenes oP explosives momt consider
two mairi factors:

(a) the ms.hainim by which meohanical 4nergy (in the Gage of

initiation by impact, oehok wave or frt,-tion) or
eleotrical enerS7 (in the case of 6park initiation) is
converted into thermal energy, or initiates ome reactica
whii.h ,el,.st ; thermal energy, and

(b) the onnditions unl ebioh ba *hut jpot i.e. a lotlieod
regieon at a hiSher teeperature than the bulk explosivop
will be formed and grow until an explosiv reaotion ensues.

This paper in oonverrad primarily with the seoond or these
Nature.,

!Z The eom .t, 'n of hot tahoe is by n., een awf.s t1" pt •i pen a.nd

.. ,ant.tatiwe basis we erorde by R4!'ý,%l un Rot-a.n.,; (:L) who 4at-ad'ec
the mi! nine and t-cmerature of a ragion in an explosive save;J~al
in which the rate of productit, of heat wouvld he greater than the

i rate of loss of heat by conduoti,, to the rest of the explosiva.
1ý'l In this# nalue of tVi rate of ieoomosition of the explosive are

req'4,,o7 urader uomitiz.ns which admit only of grous trap.. • a or
lci. temr•. erwbutre kinetio data.

Anotner approach to thi,- problem wab , :de by Adams and Wiseman
(2) in thmi- r,)nsideration of initiation of explosive reaction by
odiabatio on•*pression of a navity within an explosive. It is olear
that an exothermio reaotion, unier oonlitiuna much that the rate of
proiuction of hcat in greater than the rate of loss of haat, will
eventually become a onibuation reaotion. These autbors, thsreacre,

'26 Confidential.



oonniadered the 0:,nditiona ne,ýeuuary t -, initiate a om~,bustion reacjtion

over the surfaeo of the cavity end siwNed that the imaortaunt
properties a?- the explosive were the heut of explooLon, Q a nd
Che miss raet of buen5.ng, &(, ~.uc), 't, was fihow that thus

AftS~~v~,#os f'the eplija~iv to tlhiz t;pe of Initiation inco!Ased
with Inozreaaing 7a-e 0 the qiotient, WfQ.

- n o r.ger to put snsitiveenti's studios on a mote quAntitative

^L,42, it v,%# decided at LE.D.B., acme Yearn &so,, to atwdy ii
sensitiveness of explosives to ahaok w&'ves by the Gap To~t (3.In sn

* a~~z~aly~is of these reba&is (14) it was shown that the sensitiveness o
Iwo prorluct isx Q, wher* & was measured at au arbitrar presoure of 5Oat.-M6

Thia report ise an attampt to olarify the prsuent position of
the etppltoation ef these ~onnpts, aiwvnlving rates of b~umlag,, to
sensitiv-enmaC uni1 It falls Into the following seotioru:-

(a)an nalai~of the range of validi+- of -the pruduct.,

z anQ as m easure ef se,,uitivene~si

(b) ar.3T.to of the significance of the gaip Lest,

(a) an experimental approach to the oorrelaiion of the
9?%ialtivWeess of liqulA and solid explosives with each
other, and

(d) 9--4&e t.,ntative vuUestions on the mechanism of ititiation
ZIA an growth ot explosive reactions,

Th.- .1lportant fatotr 4- -1%4 ofreist.jiNst Lu the rato ot bit.ari±ngp
~i~j asince Q for weakc %nd ,suso" 43plivuvea does not' vary by we,L- tbAut a

factor of about 5P wherums ?h eAn vary by a Oactor of at leasle 30 in-
liquiaJ ar'losives (the 4ifferance be~veen methyl nitrate aMi propylI
aitrate) 1zrl by a factor of about 1000 betweqwn an initiator, suoh

asmercury f&1A.Uinate, and a weak explosive stoh &as t 41 nibrat&.
The uncertainty in the value or Q is, therefore.. relativel~yI
=rJzportant. of in this paper is caioulated for the ut.LJcoaotion (at onatent press9').

Ir there is more than stirfticlnt axjgen to oz:dMae all t~e carbon &-A
b*Ironen, it Is used to oxidise, the 00 to C02, Thoretically# the
heat of capi.,r ion she-uld be oalotUated ois for a ormntant vol'ao
eprliirn but, since the prodacta in trunsient reactions are noi. am

uivola as those indicated abov~e, there would be no ge4* In aoouracy
in 'so doing and we havo, thererore. 119,0 Q oaloulated by the aizmple
process given above. The heats of, forniatiozi lised are given inU Appendix 1.
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At what preafure to cumoare the eatat. .-f burning is not known
(this iz disoussed later). ie h•ve tu.d 50 at•s.., where da-& is
sa•tlable, but In thc -- e of initiatori, it ,a been necessary to

refer"'n'e prslr of1mn
2. 1-LU1 M1dv

I) iX Many tof these have been assessed for sensitivenenm at 3.L.D."4 under" +=o -rb%.trarrily 71naea conr:.tions of confinement- Scale I and-cale , I. (Scale Il has been used for only - few cases, which are

referred to later). The details of theme sceies are given in PFa 3,
ZJ but for this disu•.asson it is sufficient to know teat Scale 11Z

represerts the "heavier* confinement, and that a laraer initiating
rs h -'.A iL ted v. ich dtlivers a grcater impulse to the test aasb3ly.

The Peaults for St le III are shown in Table I and Fig. 1L

The other simple forms ef oorrelation ate with Q, with it a.d
with wQ. Correlation with Q is good zeor thne organio nitrates but
does not extend to those mixtures oontining nitro oepota-de or t.j
the Dithekites (stoiohio-etrio mixtures of nitrobens.e &., nitric, aoi,.with a~dda• witer). "orrelation with fA/Q I.& bad, vrhile that

with a is fair but not a 'good a that withx Q.

Prrovidiorally, therefore, we shall acoept that the product,f.r i x -, is the best oorrelatioa factir. In reference 4, it wa"
suggeated t6hat,, a '4049 aaiile1 o,•,bustion data, the d:.r.itrate of

butane 213 dall should be less sensitive than eoitj nit!.-ate. This
was found not to be true. A poissible reason for this will be

7 •; u L,,,.L. "r Scale I are siow.r, in labie 1. and 17& X!,

On Scale I results with 0 %the card value) greater than 50 cacla
8 ae not reproluoible ond the .7#&feot with 0 less than 5 car"ds in not a

| pure shock initiation since hot pa40oles from the donor are known,
; y •.•_- ir.h -.!oar-1on, to -Lbnetrate the gap under these

"cond±tio•n. The main anomaly in the apparently large ditff owe
. betwe-on ihs ensitiveness of butane Is 3 :Ua3 dnitrate and the 75/25

*.1 (w/w) mixture of ethylenie glycol diantrata and triaoetin. These twr
'J• expiosives have about the itame density, heaw of exploaiou and rate

of burning. A possihle explanation of this ts Lhat .Carlo I only giva
a signifioant re''tlt when the rate of growth of the aplosion centre
frn-e the point of initiation is suffioiently fast. If two explosive
aatr be -Ai riated with 3quql eaa but in one the growth, i.e. r-lAe of
ino*,eaae in presw.sre, is faster than in the cther then, since the
orlter;.on iA the e-aage dine ts the container. -%-he one in which "t
ra'e of gsewth is fausoer will apeee to be more sensitive by this
test. Frini Pii 2 it will be seen that, for a Pven value cf & z Q,
the axploa.ve having th, higher value of Q is the more sensitive. In
faat, with U greater than 20, the sensitiveness oorrelaten ",,--ttar
Swith Q thjii & x Q. However, correlation with Q oa,.iot aomawdate
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t• a comb.!.tiopn r'essure of 50 .-.-. 3.)

4- - - -- =M INIIIIIIIIIIIIII aSBe ,

I 1. 100 0 1.11 ,54 0.37 1,¶ 13 309
I ~ 96 14 Log0 601; 0.fl A J4. 35 225

6, . 21 1.9 IM~ 5712 0.26 .28 29 16U
"-0.4. 1.7o 534 .,' .255 28 136

IM 5. 81." 15.9 1.05 388 0.18 .19 22 74
6. ie.1 19.9 1.03 297 0.24 .145 19'"•Ethyi Nitrate, zlrpvl Nitrate.

30. 80 20 1.10 662 0.29 .32 37 201
8. 70 30 1.1c 6o3 0.26 .285 31 172
9. 60 40 1.09 570 0.23 .25 27 Lv2

S10. 0 10 1.05 294 0. •4 .W51 4• •h• Ntrate. 11,;10r.:ethazie
1-11. 0 11n 1.12 e.0 0.19 .21 31 171-5

13, 0100 m 1.14 969 C.10 .115 24. 1il
i thyl Nitrate. Nitromixture.-

14. Flo 20 z1.11 757 0.24. .265 35 201
"" 1. 0 30 1.12 759 0.19 .215 Z9 163

'' 1.12 761 0.16 .18 27 137
.hutylene 2:3 9:17I Alcohol.

I17. 96 1. .9 0.15 ,19' 4,1 13,18. 92.1 ; q 1.:iI 637 0.• .!z -ýo 31 •

.20. 84.1 15,5 1.18 450 0.078 .092 22 ]a
21 80.1 19.9 1.16 353 0.06. .073 18 26'|~N~igl=,'jerin3. Tria.¢ Ap.

""V. 675 32.5 1.4. 658 0,175 .247 2-
., 23. 65 15 W 592 0.150 .210 24 12

2j+4. 60 10 37 4'C40.10l .Vj. 16 66.
25. 55 45 1.36 336 0.074 .101 11 "0.
26. Ditt-9kite D33 (*onitainm 13

w/! v2) 1.37 165 - 30
27. DLthekite D20 (conttins 20%

w/v 02o) 1.36 la4 - - .9

I in & measure of th-. thiokness of the gap. Tho gap ooonists of
oards and 0 11 the nubSew of oarda in t CAe P.*

Nitromixture a 8),4 nitromethane + 17r 2-vitropropane (w1w),

a L 29 -,•on..`, ldtWta

\a M1I
\~-
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i caa MQ1U±6.Q o e,= a&

lomponent A. Component 11 jai,~ Itqt*eogmm

Nitroglycerine. Triaoetin..

15 1.50 114 ., + 47, 1060'I*. or. ~: 171. 1.4s 104*9 .54 (0.7)0101
4 80 20 1.47 970 .44 6 726 630

Sl. 7539 25 1.45 811 .29 .42 22 341
6. 710 ý. 1.42 604.% .21 .285 3 185

13 y10.lne Glyool Triacet"
I ~Diinitrte.

7. 89 11 1.45 1267 .56 .1 52 1037
S8. 64 16 1.43 1108 .43 .671 2 68319. 8W 20 1.1 97 *C5 .43 27 4~29

AJhk~ 1.O oa 987 .3

7525 ±1.39 83 8 .215 .30 21 25L
Ety .di rats. 1.11 75% .37 0.4.1 2 309

INitr~omthane. 1.14. 969 .1.U J.15 3 111
D1 taitto .28

t •h s kieted D3. (1.,6 1,465 - 4
""eobani 20o dicb

dinitrato. 1. 303 815 .22 .256 2j 2

vau rmi.a 1.39 1,89 .61 ~85 27 8"

!Mkxskite j220 or D13,

+. 2 Rates of Dur.+ai. of Livuid +.. om +,

' Th. values of m quoted in Taiue I and lable li are for a
atbesetion pressure oif 50 %tlm. The oourt.. or this un±ormation are
in referenoes 5, 69 7 and S. Va~lues in braoket.j were obtainod by

eltrepolation of the plot of log it against Q. Valusi for the serive
be.%es or. 4he .Iintrate of butane 203 diol !?er abbained f--.m the
giv~ls s Iliw.ar rela tioinship with Q,

The4,f.Alues of 1a have beer. deducaed f r= nhe linear rate of
regressic!?2 of the liquid menisoux w~on the liquid burns in a

A.• ospillar79•ube. There im, thorefore, some unce'tatnty in the value
r -of 6 1ih.Uv it i± no-, Knoawn whether the flame zc ia parailal to the

w-niaoLia u&' f.aMt au perpendioular to eiae of ,tl.e Lube in which the

3n Corfidential.IWAMII



I ~~"A lý~d± heraore, the ahape of 'Ate meniscus varles aoae

-=;ur an - aur of " 1 tcrt le, th rafore.,
b~oth a~n-zbas'olute e=1 L' re1 s6U~ve`='nCfl:tat~ity In thc val.ues of fA. TChisa

.1r AUYi treat=ilt ofthis report a~iln the Il1"ce~tainty in the rat: o

It is shown luttr1 that t1he shock pressures iL ap test 'ini..-ation
Aare of the order of lOý* stma. If the rate. of burnin depend linearly
4:-'i thM prazistre, any refereitie pressure, e.g, &O afts, can be uned to

WU1)~et~e sgitwuda of the produ',t, 4 z ý;, for W~fferent exploaivies.
Pot' most of the explosives examined, the rate of burnin; in a liniar
tu-n-.tttio of tht -ressure. The rate of burning, at 4 Zivm prehaur*,
irioreasez amootn.Lv with inoreaning 0. but it hia&s been found that the

-~~ - ;ýl%)ves examitied rial into a nu.~ibr t, nlai~ses. The cV±.. ta

thats-I

(i.) propyl, ethyl avid metkql ni~trates, mixtuares of ethylq
and1 propyl natrates end ethyl and methyl nitratae*1 diluted -.4th hydrocuirbona or tklconols lie on a strai.ght
line,

rcyol (uthylene, propylene, butylene) dindtraf.,s alma
lie on a straight line but for a1 given value of Q, the
values are about half those in (a)g

77-1.(a) mixtures of nitroglycerine with tri~acetin lie on an

iflt~rmdiate line,

.7 d) on ether link ±In tha molecule leads to an inoreasoki rate
Of bUrn~ing, a.&. Ceocpered Wit', 0-y"01 f~Anitraktee

ntrae. =Lotrnoglybaoeouine addoompostone glcl dir ratesha lar difer~
it istipaoiabl(7that, at high pressuras, the refo retn !nlls meay in
.stheL' rotit fr h uction of NO. atQ lower oorubution tma~u thisertre

vwbý g.'Irorj. these f-toto and discusosion it appears possibls 'that tho
rates of burning of the hotter organio nitratts at high peessures-

403%^ ~~depentl ,i-Jy on f he value of -ý. This would e"L lair. the ratner iU~tut~6
kL .. ;a correlation of 0 with Q, on Scale I., .hari with dk x q. t'3eotily,



mow go'

I •! !-Iateiv. on V-P, and, therefore.. the. rate of burmag of se~hyl nitrate

-, ..... 7 "'-*.... . . .

abeyI 5:(.be 4ate rate ofn that te " in PIS. I If .he rates of turning

": • ~at high preovvAr-. were law",.

on e graiaon sVig and therforev deni tre orf mof out expl sdtr aneOrr. ueuLti~s ofa anvajj 'zpao.el ;reioue unde~r1

S, ii t4Aak;y, thiver- faor ih z6 i c appear to give p -od
wo.reiatioe. Available reae ult are s.wn in Table U1.2..

5~~ Bes L 3 In.~

RATM OP SUW, , OP 4 10D I OO3 O .

~. ~ Density

ýAV8006!4 4 r. W# .a7w. 60.

1. Mercury •9 b-tA. 1.95 3.0 1 21- %0
2. riarotiaxooszwu 0.2 105 ,70 1 1280 1350 9.1 :P i 1111crate. 3.50 2.75 1,83 1 469 - 9

t~.D~'":~'er~1.2.15 1.1 1.45 1 - 9
5 edStyphnAte. -sIodes 3.07 . 0).20

6, d 40% tal.o.,I -5 1
7. R.D.X. • 1.60 1000 125.0 73
a . k.,'?.2 37 1. 70 .&00031390 51 10j
9. Tetryi.. 3-9 13-14 1.57 1=0O 920 12-13 1

110 T.N.T. (oset). 13-14 22 1.640 1000 653 1"53D
_.2 0.3 1.5940

121. LYatthyl Nitrate, 0.1 0.12 1.20 1 14-5 175 Zi

13 thlN;tkt1.0.008 0.009 7,10 1 7!4 7 2j

Not es to Tab!1 in.

(1) r Q estimated at P -I &am. (linear etra, olatton beik used

(2) et, .:Im•ted ad described prer vwo ,; any metal assumed to be
preots,,z in• normal state.

(3 Cnly approximate figu. is of the dAnaities of ~1.. .. rW

32 Confidential.



Whitbread W i.-ean.

'.1 sr~~~t04.vIy are quoted dm08e Vtr (i#,t.ajtj,!g ,"Iseir e cit jp.y.

(4) Rates of Burn±ng.

a~ ~uw i2inte ~~dUn''l on the preasur
(12); 6Lt 1 m thr- &re M data.

aince thiy were obtained from p/t r'ecords of the combustion
af Zr--iuar matrial. lvurthr ia find J4. ciffioult ',.

aoat40= *I.N.L& burnm~ faste nan Uty also te&,&Li

IThe onl2y otber &Lata, r:cnwn to t,'* authors, is t*ýt of

0.057 10000
0.055130
0.17 ram ftp,

N:T. ~ 0033 5c

a ata or MVw.(314t dvi a g tfp~ e aine i Wt

.1 '~methyl 4.trtka than the value given in Table U1I.

TIS~x4 ai sai-* of thei v*itwsoaf h- 4,0I Table "2.W Lai- LL0P-v

n~rgluris atylntrtj RDtXs33.TN) 0Tontry ria

1'*



4, Whitbr~ad 6 Wiamui,

Z-n ti sbueenow of ?-trlotly erwvs-tttative, datsk, we oan concludej
on~ly that th is san important raotor in ;W'i: jeisr'i hivenegs of molid
~axplosives, etsd not that 6 d -- a quetintitative gignit'icalloe.

Ahe r 46".4:.. zii.9 this rention, it ahould be pointed out thatU
ahr is &-A upj~d limit to t-Ae rate of combuaLion. COMPOwnaL,, who-go

4.1 rate of buranSr~ Is great~er than thi3i will there;.'re, aho
no coosiu -tien regime on ini~tiation (of,. Bow4.ui,& Ref 13) but will give4mmedmts detotkuzon. Certain of th6 aside-s may show tbiat behaw' nur,
Purthur consideraition of the mratter is givarai n Appeddiu.x .

vll * *inder vmu4 a. pu ~. aivab""bAano&;& aZ wetting agant, 04.

lenitbin. Some gap test results, on Saabe 1118 are given in Table IV*

~ IThe 0 values in Table IT are much smaler' than would b expected
from the value of & x Q, IParther, the presence of matep-Ialas ek.g.
C2p-, whichL oattaalyse tlte low proviure combustion proooaa appeatrs to

haie'a -*lightly aiegaý.Lve offout nuI the saawwtiveneses This may be
because the catalyst has no kinetic effect under the pressurL.

'I condition-s of the gap teat and, therefore,, reduces the rate of bumn-
* 1.,g býy loweruAag the value of Q, The effect of occluded air on the

sensitivenfcOap of rJ~autio propellants to similar to that pm-odoed
a.ir bubblia i-, U.JI-i

Two possible reasons wky the 0 values shoull be ~u.f~
lowcanbooaugestd. irsly heprquoure exponent m?~ +he rat&@ ort

bturnin. t abcit 0,7.. i.e. l'soz thot" untirt and,, thosretora,, the value
of & x Q under the pressure conditionus ofto aueIock w~f vou~d be
ver7 such Iwo than If the pressure espcnsaat wtr* unity as 1;ft-~~w
to be for many one ph~e syvtew2. Secoandly It.- transmitted abock
pressures in the explosive materisa depend on tU'e physloal properties
of the latter and mayw be greater or samller' th~n the pressure )jf the
L-L-dent shock. Relative to liquiiis,, thij w~uld have t~he o.feat

of -2ipvmfinr the card values for a give~n rosnge of EQe*.thr to
larger oe smaller values.

3. SIMU47ICAN( OF CAP T-MT.

" .4391. Tn an aMibatic systemn having perfect meohanioai oonflumemt
Wn compound which decomposes exothermzically will eventuallyI

exp A.ou,. Tl'e timecs recq.ared for zhia to happen are,, hawevors '-ry
loing at ortilnary temperatures. Xf #Ini such a asy tm. a vxft -tl7
large 61ct spot* i.j l'ormeA then the resultant explomIton will OMCtaS
about txu- point, :% praoti±-al systems the critical enerY requiredj to star~t sc. explosi"'. evejiL( aepeW~a vory much o= tho mechanical and
Lhermasl co.ifinement. Let us now c-'noider the say best with these
ideasa in min. IA the Sap test a dtrong shook or sequence of xzk

Mim



Whb.tbre&A 4- Wissmar..

(3 60 APPer-liz Mf ) G w4GG wom A go bv" ;4,,

1.70 1.80 3.06 958 2 93x1 15
3260. 1. 6? 1.50 2.51. 865 a.67 13 -

391.ý1 d. 105 -g i 31 2

J.,7G =2 + j,7~c3

S29233 1.73 2,25 .1.89 93 51 36 fl 25 2
420 2 332 1.58 01950 .0 Os

U2ee aig 1.) 3.4 twUOit t8o t21 20lsv ~dtenenain
(3261 +iv 3ein oCntainh Ln 69 n~x wuis0 2.8 r. 22%10 16b.
O1t93 o oii'i fetie 7li±Uo *f~ h

14(AM inle t2at 2I7) get 1.a 2.46iv ef _0c 23i6 12O a e-t~ ~c
3938oi~ totasoi a.~~ el .tefamnaino h
(ots3260 , nSol IU, theP7 te.6in 1.1 2.0 8eta g-171at *10 e39t39 geok sntsfiintysrn oo'~ 1 h aae
(3ot ecsr2.y az07 i.bl o.94 3A 56 770 I=p4&~ t *o~ t.0

(agte Fla. 3 p~eain trsaumitted to' th* wuplosieutdo erom theont t
ezolosive ben ontaened Insb a standard vnoseae in psreuwl above tha
acritron fasiiwofc, ,@ diino nWfo the gp

epoiveto th shoeu k at this uteSae to intichae furagmentation ifth

cronanr tnd lanif iu'Scale In#amwy the terngo amtal end-lae shoo

ir~tit~g lw. s no suffcienly stong o o&1*z9 miah amge
a"ij imle ht ogtaP-ii*OfctWAtara~v -cv



Inl~tio-* rowt-joreativread A 1iseonain wve

Thow groeaswit l proessmty be. suficiently viof cv to gi-eAw at psuffle.

jethat r detgth to gnlycte dioirae eaplosiv ile.a retoactiveson wais ;
brpge4d Tt a 'positivel Ofstabe in saltIo Ias suy bJetl p argde,,
4.e. iroad-marsttiefonof the conainoer to ewjpote th e p~wtollows:-

o±-4 "i=%atio.ha arwh. deeaitocnvs- is p"Am^toATho waoitve, fet
4 v'-nt wi-Ve iiý UTtc In 0 Sal in im.phossblapt~ pesent o hv

-~ that i~ detl~ione gly on dntoa assum thatloease oetonatiaton a a

toancihe. The ?phtiu. caesteof p inula inalereI la st'entlyl-

Ine fmitiation of the C-v.r~ta iffimato zpr h poorr

In~ =2 /a h xlsv wil av* to b rrAoverin itiatedi orefct
to get uah positie efc i n e~ I tew it i osi'Lae(ble, at soeent to Uur
striintt ntate wIthern explosiverato wil prouc tabl reactives shook i

#A ~ ~ prlioi theefre, that t gapo tes neesarily thteasues the intson

wOn ran epirial bt asis it roa ho argued p~aws them rap testl
tosue aeaseheof propagatieson. Same1. arto intessent af et-

prp(at lun±*be "do byz~ ausminn dfthepopaatono dtoato

of ) the expvosiie tubso ifr-A ieson.Iarwcse

age g oiivenefo in thel V (deail oaf (btheso proaatntetressure i
ippenf±i 1V,; ntho figre givte a t.uuil ,: *Iwult.mi- Ittes mnir

tubetisientito in wtiate the explostvewil prt"oaioe a etative under

Oni h an emptioican asst " eageth heapteste

xprosaaive OU pe.asates bwar reailyn thanexplosaaive N detonatioe
ofac tatplite in tless ofsfe.. iensioietan ns ean pai the wp osie
whirct popagates beithrgap thet highers vlue 1 ofs . Tuhi limiuted

i81denc sugets that figres III tmeasuresa eitherz ease of minitiati

orRLIx,-ploiv poaaa oeradl'tan explosioie(rot)rter the easpie t&"

wiopropagate Z'te ha4 th ihe aieon.hsliie

I ~In ;cale I the initiating sk'oi to weaker,, the charge diaaOtgr
in 53calr MI it is also possible that the ac-,pted Inl~icabion of

36 oiwti.
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-4 (Infidentia-.~.

T'A B L3 V.

GAP T~T 0,11 TEST,0

_ 1 A N ,; 4,' 30 570 V

VolJB Prvrl i1uate* 16 2%. greater than Z'.

B xty it'rate. 43 M i/4.I A Nitrvuethane. 4 969 less than 1/0-.
3 6C' t0 Zt""A,?1 7;02 -

a positive result, namely frajuAwtntation of the oontainling tb*b,, is
more rigorous that, tha.t requilred io, qt~. . In raefewene to Pig
2it was pointa~ out thpvb for a given Yalue, u in x Q# the explrasiuw

with the higher va.us of Q was apparently the more sensitive. It
Was how in3e-ion 2.2l howevr, that ths erreot way aIso be due

to wncertainti in the value aasigned to the raeo of burin1ng, that

I are plotted on a grid of & x ;and 1oQ. 1% bing the 4WitV of

and the fieild oafl be ai-i'~.ed in such a way tht'a the teo classes are
6'aatA Itapas h forel that ob C vraue leas than scr-e

value between 6 and 16 -in Scale I has no quantitative signifaio~noe.
Fora ivn ale o &x il PQ munt be above, a oertrtfl vaue Wafre

I gies ignficnt ealts. We shall eapstme twrefrst (see
th~uen eploioncetreion 6,)teti only Pr~loaiveo :U, which the Irom't or

theexposin onta i raidcan "e elseased orn Scale I1 J.i" o~ther
Wors aseofiniiaionorofgrowth of the explosion cantre is

m-asured iQinlreenough The factor $2CQ is larger for eihyl~aie
9ceo iLitrgatq/twiaiietin (s5/3) )th~gz for butane 2&3 dial dinitrate
am hsmybe the cause of' tne large apparent difference inI

8'rna2.tivaness on Soale orgnll1ete o

3. h Pteat teahnique waa rgnlyslce b this jorik
at .R..S.because it was thought that, in principle, the strength
%, ;einitittion aho.ck coulcl be ticasured. The propertieas nr th

rhok wvewhich appaar to be iMpcrtant,, are its p2ak pteusurepI3
~~Vt

NN



"~elcc.it orid thickness from~ which oan be deduced the tLte for which
ar.v Vlement of exyloui~t izi subjt-:ted to ;r~jss-:e. d'e ha~ve not. yet
ob.ained adequate pho*tograph~ of the shook wavrn in li-iij~a s~ibectad

4 ~to ZAP tests but the pha~tog-.Aphs so far obtained jYi 3 iaw that
thc~.e is a aux-~oagaion of shoic vmvte. Rntyver, measuuremT1t: of
si~ock pco.oaltree h'fve bern mdade, The mmiv, dit 1culty in rneasuremontI±z: one of' rriraoiple. If a shock wave paisses from one tuedimsa to
*Ctother, thcaliv dtUa. ou~ara in the second medium 'nay bc higher or

A ~lower than tWhe sccinc pressure. in the firzt. ?or wek *4',ooks the
-44 criterikon is the acoustic ivWt.vno,, I.e. product or velucity of'

moun a n h ~siy .I h hki rv~i~fnd~ium of low Impedance (usal~to) into in o:' high impedance, tbe.4 n'huuk nz'essure in thtv stLcjnl medium will be hiather than in t.ae first.
it fro11ng trrin thi" that-, mensufrfl2Snt of the RNh o~2 resure by the
mnethodsa uejoribed below way not eiv wL~pesure in all explosives
since Vq~y differ ao mtuch amongst themselves in physical properties.

a'pe (11) his raeasurpt- !'he pressure in two ways&-

(a) byransmitting the~ shook to a Hoknn bar,, and

(b) b,- tr&an_'nittin;; the chock to vmter an!d calculating h
ahouk pressure rrom the measurtd thecty

Both wietho;iU of 'seaturesewit Cive, about the same value. for the
pressure (see Fig. 5) although the form of tb"o ourve Is rather
unexpeotod in the aim* of water, The main poinat, however# Us that
L. pre3asurca e~re abiout. t~he same doavyii the 1arse difference in
&oou.atio lmapdanL c between water awl' 6.tvel. lb should be noted,,0,hoever. that the Hopkianson bar result is a time averaged result (forI

hetli* iures cy.totaI be-Low, the time interval Is 5! scsjjpealieJhr am. that
~'~' trcez.ýi6y ir water iai An it &tautauwousu one for the lcadin~r

shook wave (met PiU 3). INoweve, w4-e Hop'kins=a t~au results are
simiple ani are as follows:-

scli I log 2o a to. 0339 0 + 1" .63.
Scale ZU log loP a - 0.02500.+ 4.76.

-. 4where 11 ij --uaaured iz atmo and C 1A th'! number or oards in the

Meaauclements with, fcser than 30O cards were rot significant

because pt. mnnen+ damage was done 14A the Hopki nson bar and above 50
oftrds the revults were not reprodxcible. Xxtrapolation below 30) cards

_ia ~Is p rihtibly pzrminsible but not above 50 cards (ga~p toot results are
CIA721irreproduoible at card values above 50).

The ce 'iiated miinimi pressure required to obtain~ a pouitive
revult Yrith n1ithakit* D13 on Scale fin is about 1.0 x 160ý ata sand
about 1.2 x zý atm3 on S~cale 1. The only other *sbsea for which, a
f~trect cmparincn in ponuible fall on that pa-z't of 3-ale T wh'rre the



A V~~~hitbrzad & Wa~t

rewuats do nc.t appear to have quan'titati've *igniflcanoe. If il 4
'"tear f-Meai-,ni of wida the pra.v mcei~ared b.y the Nopicinson bar
are reliab~c, tevalue Ot- Q at the in~itiation pressures o

a4c1osva can Pe e~teotde on tsot1e I (C ;o16) tae valup of1' x,
is about 5 z 0 *8W"' OS, m and on Scale III ikbout 3 3c 10o' O4/amt'
isow. The scatter -11a qLU'it larke. as the r-sults in Table VI show,
b--. r~evertheless the ivates or onergy release relstired for~ iz~1tiation,

r 01i oa~ale 1 dlu ixar~ip to-j bo significantly higher than those requived
on Soale 1.1. T"iu is to be expected 4-r virff of tbe lie!ter4 O~~cVnitiorhi if cvnfinemlent in S3cale I.

(Ta.ble 111) are less sen~sitive than expected from the vmaiue of 6 % Q*
7t ~ viait *u-a- a ream-ni= . thiio mi.at be UtAb th pressure

0: WW ~ aiui wUCs i 'aj &ON JUoM VUJ AILI~byf £53usflg ufl&62the critioal rate of energy release on scale Ux ic 3 z K * a
see (TA-bie VI) %hen, (" z Q)'/(: = 0 2  ap/2 ~ 'a A s

Ph.abve i'~o~. nr Plastic 2iopellant can be writ ten: 06u. he la* / 0) 1~~cnb acltdfo h au
3 X 1.04 6/~' Vaues of n have vee'i .oalulated for the
compos?.tionc ',D 220C0, U 2024 Z 260, and It 251 (Tablo 1V)# I.e. forLI c-impositions contaitaing no cobinbu.ttion cataly-ts. The values are
0.4,1, 0.40, U.4#,t and 0.50 roespentivcly. Although loes than n deter-
mined Ait lavr pressur-s (1000 p.s.i.) suuoh values are not imreasonable

t'-4 t..ýref'or the low awwlativsnesa of Plastio Propel~a~te
be aacribed to thteir oogbuction propt-rties ard nat to their pVysicalI~p roperti Ps.
3..O It jn~n bc rcanluaad fr!-z th.!.z Jizouminn that the gap test does
not measu,?e ease of propawr-itm of deto=-r.'-on but ease rat inViti.t-in
and/'or the growth factor. It appears that at lc-ast a .law-or-iei
detonation is produced itider the jon.i~tions of Soale I buat it has

-, not been proved whether a poi..tive result on oup test scale in
involvei, a low-criler detonation, i. :. the rate of growth untder the
conditions of' Soale III may not be sufficient to set .p a :eaotiv*

ii4. MU CAT S15TIM M-.1 It wasn shown in Ref 4 that the sensitiveness of liquid explouiiui
to rifle tulltt attack, unler the c.,n.4~t~ona speoified in lief 14-p
o.mulv be cortelat:-d with the sensitiveness on gap test (Scale T11).
An nevloaion, nr partial or wmmlcta detonatioin, was acm.0ted as a
oriLi-&-ion. It is possible, however, than an explosiona caftot always
be -!girdod as an incipient detnnation Since it might be artqued that

the bullet creatnd a large suarface in the liquie, e~g. by en-it~ttiono,

wh o ln.td n gverietoa .i9 v ooCs n This coutildI -U W
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W' I PAZES OP MMO RMU.!S3

I . ! . ...- ,VZ oC-,*

oa-..-.o.. . .........

P50 2 •61 o. ~••zzirt. Z £.o~ 1 .*1

.04"~~ 11Osu.ni
6.1w OPR12O

75 215 2. 4 4.. 'z 1O, Butane 2:&q d.itrateIDthlte 20 26 7.1 z .41 $ 00OB. 2 1.6 x 104

R.V.G.JA. 27 8.9 3 ioi' % J.G. +

1161A 16 2. 6. z 1 9I x I04

75ute. 8rp~toat r5t 21 .&, B n•tae dinit ea ee

ADait fheki antmlies, being withn the D13+ (tte9 20"eot+I of su4h
• - -. • ,• .. 1. we uee that there in a broa 9 oor.'el tiom

With jap Trie aeonitiv-aul wiobove orit'ralonr is regr NIn a f a

.e have as pet ery data an solidt theatable for sotarisowa

w~hthe liquid exp.loeiives •,d gap sensitiveness measurementa. Thenavailable . fetults 3.re ihen in Table VU,

TAa frmin tion of am plosion, used itn thie work, exp- "Impaot
aoooAIpZni'.r by o flash or slmght report. Box split along scams ar
s gaetps thrown as sivh as ne yards." (fe 14). Such an oevet oau1a

Weasly be vroe uad by vegoroue burnng o nsoids the bor and ±.t s

hardly surprising that apteriais, muoh ap Pasitiv Pmopuelants., •hl

40 results p g i

The___ -ciiino xlso, sdI hswr, - ftmec
aooai- byafah rsihtrpr. Bo pi-ln cwm
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IT A BL V VII.

UP I.'~ EPZr

NO. PDMcTrLG c

S. ~'-9 In?IA =ON- r=As I

12 50 50 43.

jtN± re:e~tas, A^/'>^ 25 0 ? ~
ZtK0N03/P~(tVO2 s 70/30. 30 10 10 31

L I tCJNONP0NC 2 , 50/50. 307 1 0
JD1.thpldtte D 13, 60 a 3 30

lt'~f);/NitromIethane, 40)/5A, 1 6 6 29
Z02iNOot.- %ethane, 70/30. 30 0 7 29
I 010&-ti Lmrn Wa.L rm,, 64140- 30 %D 0 Z.
b-0ti/Pr0?~2# , -7 27
llitromahaG 30 0 0 21.
Dithokits D 20. 60 0 0 19

POO.30 0 0 16

I__ABZ_ -J

II _RI I IN
I 3Trrovied. 0? 21%0%9 0

- 1

x Pre02 Prpllns 1.0 76 Y 0 60

-___RD_ 1.73 - 10 30 0 2
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, =•e explosions (so 4efined) under rifle bullet attotoic since they
have uh hier rates' i elosve at lor

1mv.-n rates o? burnint of A:,quid oxplosives ind Plastic Z.-opeolantou
su~'ea t * he~ rnsifles 41a11.t startsa cohito resaction at

rialAtively lnw preseure.

fl-hin ne oonsider the few results with p.remed solid granular
0.%)1)fieU .4L- i no 'jorralation wi~h 'ULis~d explosives. UtrJ±!

4•IloJives Iving C valu-s sreater Ihan 20 on Seale I woull oertainly
.J', Rive rise to a !are petrentage of detanations in trie rifle bullet

test. A liquid mxleive witi a 0 value or e3 on iosi, I wou-.d have,! x q tat. 5,ý atr.-ni. poe:,.,a) equal to about 500 *Wcm• me6We.w
e Aw+.. that the rate of buxrz.iTv, of an homeamneoo . mixture of RDX
"and 3"vwaX (94ý!o) woulA be about 1.5 z(-'sgo at 50 atm.-. since
its heat of explosion in about 0a/9 (ao.f. Pig 7 of Ret 7), w1e4 h.. !esdae tm a Wluu tf? 1200 oal/' me*. for I A Q. The o".lala tio 3f
the discrepaznoy may stem ^&um the fact triat th-! explosive I&
inhomogeneAs, The same conclusion might be drawn from twe relative
esanoitivenessev oC MON•T ai T.N.T, , 1. s. VD7/.. be0w.ms more
nearly like T.-.T. thar ,.D.X. The effect of inhomogea.lty on
sensitiveness ia ainta4,1• lat.ar. Other faozo.-s not oonsidertdt
g:ain size, crystal size ar.O loring density, all of wbich hav. an

effect. on =ensi ive'¶ess.

l One of trio difficult:les a metaitii-neam work is to obtain a

".oglc.l link between the sensitiveness of liquid and solid oplosiveo.
Certain explosives, h ,veve.e, are stable in the liquid and solLt otate,
The e nni l-'o handle i& T.N.T.; another is Piorie Acid. in

.nese systems it "- poaxible to compare thu sensitivireaa of a liquid
and a solid, -,or which Lhe chLul .A. n..tuýr of t*-a Aenompo3ition,
proaews is the aame, "he •nly c.liferenoe being the final teapercatres
(if the ieompoliticn procesM which depends on +he amagtude of the

lat'.nt heat of' fýýUI.Qt

It was d'cited to datermine the sensitivenesa ot T.4N Z. undor

thn fo~llowing ooniltionss- (a) AS & !L-qUid at 90'"Co (b) &A a 008tI
I solid at oabient t6mperatuee, and (o) .a a pressed -harge in whiolc

the lu"iq denrity, the 3rain size &nd the crystal size were voriedl
:4nme results obtained at this establisimerL are a.hwn in 1i1dga. aI
and 6b. These aere obtained on gap Scale ZZ whioh is almost the same
as Scale I, exoept for a a.fferere in the mi.clanioal properties
of the xteel of the containin5 tube.

..The msain ou -lusion: e!r:-

(a) the sensitiveness is a ?uzotion o.' den3ity, increasing,
with d•en3ity, pa3inZ through ^ m"di= and then deoreftMit

112 Confidential.
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*11 (b) A~~~#t -pý)UAAd density.v pressed ~,-Are 9~ age~~ns

S::.,..•qar p. more .nen sitive t .amn Q•,.&t-- a,-all grain vl-6ill

j (c) a pressed! ahnr~e of grain& m~ade from larg: arystal!' is
. lets sensatti--6 than one of graiiw made frm sa, o! crysais.

Thereou with os.t T.N.T, and liqutd T..T. are !s.x in Table IX.

1 V EMrMS OP. N, T.

ME! OF T. N, T SCALA 1. SCAL9 il. UALS .LI"
.. r ....4- - -- -- I-

SI J".1" .... . l. t U I. II • l

Liquid at 90. 15 30

The agrement I'etwoen the sensiti--nc- of li'rAnd and out T.NoTT
is thoughtt o be fortuitous begause it is well-known that the

A , sansitiveness of ,-as-t T.N.T, can be altered appreciably by variatior
"of the orystel size. This matter is discussed in Seation 6.

6.1 Before atte~qtinn to analyso the main result, -. way satwulrise•.'•them briefly:

of the sensiti,;'. -: 1 . llui.i trnlsiv on gap t•-!t Scale
a 11 t~r,,! by tle elfle bullct teast.

(b) gene.orlly spetkitt the produot & x Q given a good

"-rrelation qualitatively with nensitiv~enes over the who~eI
"mj fi.l,li Of explosives.

1 (o) on Zap ttgt Soale I t~he ptaaaa1t f x 4~ i-m -,!%i;
rokiterion, the magnitude r.. ; orMQ slao appears to be

iLnportant,

'd) there are s.•ne anomalies, amongst the solid exploeiven, *.g.
~...which despite a hIkgher value of i x go I - loss

atnzitive then P.T.T.N. (20) arl RDZ/(X i. le ssonzitiw
c Scale I than would be guesv&A from its estin.•te,, rte
of burning (if it wera homogeneous).

(e) the rifle bullet sensitiveness of aratol, presesd T.N.T.
and pre3sed RDY/T1rT it less than that for liquids of simila.r

p4'43 Oon±'idmntisl.
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2fwo test seewLcivenuss.

n,:irca Aiio prtle a~ loaieh

teinor-ture in the 'e'plzsi ".. This high temperature Cani be produced

,t the hot epcts. This process we deftne as %in; 'Aeirioe, and from~
Bt.Laillk a wueC. , 15 it -a oul app;a ra ,% " -- ranzte

It icsaine errc it~r is neotaa. foresu the"lu etaotor t lw

Isis- ofpth "hot moot', wedefin:ti opasuecn stag w as anrosslwly4 wThe
pz'easurts)f Uet.oting_.U oies in ar Mnw Cewnthreure* , ̀&i6 anrite

If R~ibr a sa lnerf o.1tp suethe focto

R: .-P P ~ ~ ~ *
Atai sur , prxmtl ade largent vsl~u- ,1 &Pd will i&'yr, slowly lar th
pressuru)of 0glice.nbychanges in ue of -A *co irssr,,w a&,% rite

e3air I *q24a one form

0 -aI W lIAtAY itz.7, riuae Ppt larg vaP/dt ofree with iu vureeoin byalges
vauc f ~hRet6,r initiatio, by lrelmvatvlyues y ofP dý wehich uis~ apnrf

wthnresg aust1,apoimately przoportiona to I r Q, and an Iaew efasr).z

R, there where. intain <1s welashould expec anhe maern jiral ohlrnss oitiveeq tha*, n would) growrs'~othe mustu or to give at thsuabe
with i areassgvales of Isj apmproximael ppropotional theoaa with,,

p~aai'zprn~~latse (a-oIg 2.4 and 4).~n nd~-ra'~'rxt

(dizL:cu~ed in Ret4) all o~f which materlials have values of tiiless
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.) ;leas-breld &c'vities.

•t !a ;•os.... that inittt.iton of' :-etnptimn i" 3u~h e"plosives is
,/• ~producoed by the a~liabatio oompr, ... n Ufte•s h oavit, h

-tu thf th-&y Ja nte t,

I pr~ses're reulrea ?�~ 't~iate a c m.-stiu,, "eotion in n m l4slLVe• ~ ~ ; t•' merial uo-atainiLi ,,itiea is !equatlur5a App-rdit V•) t-
• • k¢U 4 * ba

where ,i is grain size,, 4 i the denity Ai PC is the wnitieatirtH

p •rtssuve: Accord.: r- .. A-f.-.*er ivitiation decreasee

As the Xraim size L.s LiuNe'a d-r"u'tv) Wi+4 f fixed4
"grain size, the initiating presuwoe drmr.aes :-, de:jit~y in rowilled.

"___ u, If :'L-tition is the.- lt,• fe-l ,, nt growth1

-. T e oivwill inorese xith increasing grain ai-e i and dewrets
density. Clearly the sensitiveneso oannot inoreabe indefinitely with
deoressina density N oause:-

(h) at s3on 1imtikj low density the parti'.lee of explosive will
only Just be in contact, azvi

(b) eaeo m7~ initiation increuseg with inoreaainS value of A
(equatio~n 2ý) tdt ratte Of Srvwth deoresses with inreasing
V-luA of d; i.e. at e.6,_: density, wieh-;hll be lower the
smaller tue value of d, the pressure •,etdred for a suffio- I

I; Iiently rapid growth will be larger than that requited for
iiiiti• atomn and nence will befoove the n,,ntelling faotor,

4 ~f =M-re33ion Of A niT**15ed portAm eco.L..d ia primfrr.lr" theU
"compression" of the m•v4+116a, ths-0 in equation 1 is the rwiue of
thi cavi ty when ompreased. '7he initial radius of the caitiea is

1. STJ (1qu~at ion iev Appedft VI.)
whare d_ in the " 'a,.r of the c-vities. Now for *A.abatio
ooapresmion of the cavity

where i refers to initisa conditions (before oompreausion) aend o to
initiating oonditiona. Hmoe

W • In ".4----wdUm • it was shcmn that A in equation 1, whioh is a mounts
of ýhe confineme.nt conditions oan be wr'itten (a~t the beginning of

A.. ConfldentiO.
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*C71 danti'waln

Vczialg ac-satlona 7. 3 4 . Vtth c-iati-cr I we obt%:Ln f-o-r Oth' initial
rate of ;r.~wth

w .In P, lAtm. d
Te =~ 3s. :'rom eq~i~tion 5 that ~/'d,,) dor e with deoroasinz

density on the two ter-cm on the B..S is different,, but not
enormusly so,, an shown~ In Tiable A.

T__-ABL _____ -
4=1.55 (as in *met T.1N.?.)

1.4 10.3 2,15 4.7
1.2 4,.4 1.5 2.9
1.0 92,7 1.2 2.3

2..Z. L02 2.1
0.6 .60.86 -1.9

ifThus at dmwL;i-'.e u: 1.0 W~fýor oseg the ratio of Wt~ J AM
t-.e does n'ot Cdepae much on 6 iLe. 4wh relative importaxmo of
'- onioDaermet taultor does not depeMd mu edl~y ar.4. -Yt hav-!,

4~s f ollowing pic'ture. At -;.,u1:. of 44"m ear to wdity
(40ot too alode tLuc writI, sIrr.-A ;,- nofnma term A±i~.

* approsoaoos infinity faster 0t-a the first ;arm) '"41timktion mayI. diT~toult and growth relativsly easy. As dtoreasgs, Initiotion
beoomes easier &-id growthi more dA7tiouat. At some 4 . he minima
pressure retiir,ýd fr0 iraittat~irn may be too low to produce a al
onoug rate of gi-owthq I.e. a .L_1hor initinting shook pr-- aura Pill
bie reat..-aary t* get growth fast enougs, to vroduos expl.)esLve ootbius~tfrý
or a reaotive~ shook. The density at which the change over ooours

The behaviour:ohrgso prlese of .. (eton5adfg6

j. Tho iv~s tometheat lesstian in Soheat of J- Itiin (oRee 2). Te

i~ctin. nmeiý.a vauesint eqatin 2in r-lr t asoe-mnfentil
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.masurcd e of th 1.,:.- ,.f e--U,%.. ia xhr,.,+ VVI(0 f-.a,! (Rep 141

iinl the min:uA esbia e.ts 53 oLs653 (Tcble !IT). -ae shall .sume

t. I va •lue it' 700 oA..V&m. -o

-'.. ,~A~3fmis indroxeately inrep.dent of pressure (if ; decends
linearly on pressure) we oan u.-- the value ofp!/ at one -amospi.ere i

~ I Aocordin~g to And:!eev 'Ref 13), (1 attm.) a 0.017 g~/M'
Bj linear •;trapolstion :ro.- the value at lCO .ritms, we obain d (I
atr.) a 0.%^P S/c01m. Although this areement im satiafaatory, we

,,, l•,• . ,ai" • a. ,t `,r n a.kv1 i-itrate o.' "he same

(b) the value of' iax Q (at 50 ae), -Leduc.-A_ fm theI: U'1l~i~iLlll 'i"G "~ liii• lJ J ... . . . ... . . .I. .

(1 atm.) or abiout 0.005 g/o.aseo. which appears morereasonable on our experien ie of tne rat-s of huraing of
differcnt classes of ohaioal coxpounda 'Ref 7).

or the other physioal properties we sha4l assume:- - 0.002 Iiol'
-3~~ ~ &/mE!e.I , and A = 82 4waJ attz/deg4q

'A ith then* valu a we obtain D n 3.4. i 0.02 Wcm'usec) Mfln a'j,

= 0.005 V a--eo). Equation 2 then beoomem

'---;� ��Z �1 I, B = 0.67; if i xe large, B approaohes unity.3i:", "e shull choose therefore •= 1.4. and B W' 0.75. Purther aince the
A 'A>e- U.rn from cast ?.NT. we shall R.55'e A.O . I.&, insteeA

Evlatn FO wit L.0& .- acda . .1aw

< value Pf log Pc between A.5 and 4.5 i.e. " in between 3 x 10J and
3x T.W ama, Now cn uale . the values of C lih approximate•y
obtween 20 * 5. Scale Ii ii veey s.i ilar tn Scale 1, the pressures
probably b.ing smaiwhat higher ot& Soale I1 for a gi•v. card value.
-- ', the forniulae in Section 3.2 we fini that log P iaries from about'•:,',,.i..'.60 to 4.10, which in dithin th-. Il•iz' of t.hA coln•lateif nraay. •

Por a given grain size, the sensitiveness isoreases by an iamount
oorsponding to cards or lees ar the density uhawges faoom ' .
" •#;.3 to 0.8 g/o•a. Equation 2 should Live a valuA, which is not lesa
than this sin,.e there must be a ohange over from the Co3nrol by
iLi-iatiO!4 tO aontrol by grow'•h :f explosion centres. W' have*

.l 1 With- '.he above val•,i ofi', and" 2 and 4 1. 55 we obtain ,vii P/P
"At) which correspond.- to a difference in C (i.e. C1 - C2) of abou•

10. card. T'.Is is reasonable agreement in v..ew of the o0 Ut.ftions
du, ti th', Srowth of the elcp.!.on centres.

A"Ciu~ 4 l i
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1.7e have sh own t~ tat chan ges in 4L nd 0 U.teoat th e ishiti iiti on &n UlA 't fol2 --.o , tr =e th i n 4-h a e4 n ln L io ft
2 -. ill alway, overestimate -th effict of chan.-,es in 4. and 0 on tne -Jinitiatiou pr#*'39urv Am0 on Qcala 11 a prease,' clnr'.re (ke a.0 I CS9
with grain sizn between '20 and. 36* B.S.S. ýms a U vaiUe of 25. A

lo~j3 ~ha 76micon2 Tus cbina ind b afactor of 10
=710chan~es the 0 value '7y 4. oardas onrrespconding to a chan.3e in log P

ofT ati'.it N.4.Iow aiooording to equation 6 a otnanae of d by a ia
- ~ :n.0 1_1l chenge *Int P by 1.33 (orrUOOnAi-- to chan-e tin 01 of abiut

Ca The difi~reparov. Us en~ormous. Tt it s, however, cona1ller
th 3fieot of char~e of grain size on -the rate of growthi cr anii ~ epaulo~in 4w~ntre. Negleotina all terms except the first in equation5

A.-stm that st press'.&se, P0 1 in required to :&.~tiate a uhaege with
grs-,n size d, The preasrai required to initiate a pressed chnrrge with
grains of l0-1 in (erorn eqwutiori 6) about Po,/20, The initial value of
dP/1 t for a grein size or 10d,. is *husnC.. x ktj e.)" 0.0025 of
th-u valuo ror 14 11: Jhus the rate of -:owt"- ot' cxp~maon oentres is
4CO times slower and if~ thic rate !a I=~ thar. 4=~a critical vail.ies I
higher value or the mresslirt will be neoesaary,. i~e. the ado~eaNe in
-1-i~iating prrna~uro wrill not be an great as the coaolaited from
eq~uAtion 6,

WhibiL this effet may well occur, the effect of changes ir, d. is#
te' uoct:tiona 5 An,1 6s indopendent. of C . Njow -A'roa rig 6

we owl ace t~hat a oh~~e'f d by a faoi~or 10 never has the u"rked.
etfloet fw~i~a rom squtionz ; .-na 6. Ther-fore we coorolud-e that

4 tit) out model is inooeraut', or,

Me (b,) our eat*Imate of the site of the cavities is incorrect, or*

._4 whereas one base~l on Sr,7wttb as the oontrolling mecharism vul~i sive
teopposite reault.Z~1 the vethod of estimating the size of tho .

ca~-W6tY trra 4 and I is crude, we d~o not believe thAt a change of d
by a rtol, of.. 1..tr hi I ~ i.ttle efj'ect 1-ts du,-std yt~
.experiiientLil reauý tit unload4 some factor has been omitted..

Cne Victor, has ccrtainl~y been. omitted. In Ref 2 it. wa:' shown
Lhaz i.nitiation ocoaxrr*ed at a titme V~ after the arrival of the preassurs
weavu, %V'1!e lie giv.en L-y Towol/v 2P, Here v is the oquivaient vaipour
phane rantv of Lrrning of the condensed phase,$ i.e. the vapour Pha"*



WhitoreA Wiseman.

: . rate of burn.U1 c•f the vayour at such an initial temperatore that the
finml ombistion temprature is w •aw aa that for the ambustion of
thi oont.eie.4 phame, If tht Ma3X rate of burnring depends lilie.?1 act
P, v -independent or pressure. We have &lleady estimated that a
kI ata.) Z'uZ -rVT probably lies betwogri 0. 02 on& 0.005 W04tvawi

'ev trefore, ..io between 2 and Cs.5 rn/se. i.e. 9 Uies bltve- 2.5
ozd 414ý1. The protisuras which ve &re considering are about 10% ap
Theret'ore the pressure pulse must have a duration beteen 21 z 1:I .- 4= .4 X 10 -3 se am,

in the qp teest thm pressure pulse is produced by astemati•g the
shook iosuing from a t•etryl obargo. Howe'r,, we kanw prlapmeataAU

_ :at a series of shook waves, ravher than a single ahok,# Ls rz ,wa-
mittd tnrsmg the eon alve:.. The reason tor this bas been saMested
to us by Professor D. Pack. (Royal !eaeeioal Colleoe, G 1P•w). Ar'.*
the totryl pellet ban detonated, the synim consists of the ditonation
prducts, t1.e A.tteaating card stack and the roeo4te exlsive

* harge. A shook w- in tranhmi:tted nrough the card staok, part of
which ins transwitted as a shock wave into th* oplosive - pap%
'eflooted. The refleoted part 1i again reflected by the bt r..

+hrough the oar& stack towards the explosive. rhe exlosie i.a thus
"subjeotea tu a 4iries of a*ociam; " shock preasures will clearly
be larger and the put3.e frequenoy shorter, the thinae ts attemaatims
oard sta•k. We deduce from this that the eeffeotive pressure may
well be of ahort ,;r duration when the card stack le thinkp, ise. the
shook preegure is low. lor ca&ity initiation this is the oanwrseSof the requ~raesnts for intation.

Maws, as the grain at"o is increoaa4 the pressure required for, nitiatin deoreasee but the time durinp, whih tiLls must aet •reamea,

W e hawe shoun, owevor, that the efieeotie ftratin at the preesuro•,puilie yrioa~bly dworasea vetls duireaset pressures In the 8V toot.

Tft his io *as we ran &n:•ts explmtieAn of the a=en-SIMO
betwo ttk, effect of' --+Aning d an the gap sewltiAvu-", and •th

calculated by enuatlir4% 2. As d inareasee, the proesre required
deoreases but the time d•Ja ig which this mut act nare"". rn"'" -edeP tO 0oW1p,6 With this ta!" rquirftent the initiation• Yfoeur^
"•to therefore* at• some value of d stop, falling r J1 start to

w.teaae. This is what to obr-rved experimentally and olau. v;;
equatiou 2 must# at least with aoae szplosivee, gvrmesy over.e. ate

Al the oefoct±ivs• f changing d on %; iitiatirgv p-easvum

'Ast T.N.T. has a Unsity of 1.5 C/om' whereas the opyntal
dwity is about 12, at normal room temperature. Tb. solid thaw
o,.&tains a large proport.on of free spaoe. If the osit , vai crystal
r c,.:nsia ted of~ ana largi onystalp the j" air ol ei a salutiom
and uniformly distributed ishroubout the eoliA. If the arystal bas
iuwalixed imperfections @A/or the charge consist@ of ne crmysta7.8,
ths gas will diffuse &.I oolleot between crystal fees amd at

49 Co.fdidential,
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IN III

4 Wiseman,

oryta~ ip4I1"t±O~SIf ouffticisnf4ltarls 2ac o Is lav1y~osible Lo4mfake so estimate wi tae *is* of' pmookat --X g,, ez~o~t that !:: cust
ebr-a the, zjIoul be :=11 since the oyý! I3 sn i i

origyinally in so' ~tz.o and that ~in'"-od hy t-rmal daeooi~ositiop,
It ssa h~ez crtint&ýth mmbrofsuh izeteotta Ie ui

troledby he ateof cooling, TU more rapid the ooolig~g, the

salr4ecrystals, the Veater the number of imperfections erA the -
cavi~iea (pockets ctzis) of r.4±ias+'1 per unit vcau1ms. We hav

The coaiammt facto.-, A, In equation 1, dqaemts = a n w.
If*o is the* value of +j at ýIosw POO them

*AiCA is similar to equauti~on &. . Aralh qato (using eqaatim I
7 aw 78) h '

The when u, S1 am
Teinitiation oquation, ftcn equation 2 Of Ananfta VI s*"A eqA&iO8

7 abowe isI

As we pass froM s a~ %1=716-1 coat ag ao siP41e large
crysta~l the do&bsjty will approach no& 'r tofo 1U.10o in this eameo

is the crystal density @=I n mast approach mom buat j2.ng a - loll
from t oqu~.attia 9, eprvwoaohe infinity. Thuas,, om this me'l,

A r..k - rYZ't-i1 3)IouIA be insensitive. U' we oouieider & east
axpllcz±?* Consisting of only & fv 'w erytala, Rt cannot d.'Z a 640-5
density sand therefore i will hokye no meaning b-t he nmaber of

y o~ari ties will be fewr. It they are smell initiatlun may bot difficualtI
but it will be 'Aa~sir thani In the pure crystal; p'vwth wv.ll be
favoured by the uma~lness of xhe cavity. The roet resulJt *~ill be an
increese in sensitivenes" but a retproduciblo nenuitivoass: will beI uhtuiiiasd only with large charges iC '%L; crstals are largo, As, t. 2
crystal aiso .i*ezoeas, n beo.ueS t~as main f.otoor since chwijeu 1.44
only ?iavv a 1%rgq ef. z.4t when 4*- S approaches 3ews. Thus initiation

w~ooamre :4,icult 'ýut Crowth easier, non~ only !because a
inoreoaev. but btecause P,,, the pressure recamt?53 to produice iktiati~tot
also uzuroaws.e* o. hnuid, therefore, expcet Iiitiation to to the
contr42.L,4 ractor at scan valkw oi~ S whih will la ocgaler to"C th*

All'
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Shitreama & Wiscax6z2

sm+aller tb. oi'8,ta, size. jarouirystall"ine charges should therefore
behave like pressed chacjet.

V '.n a preased charge of T.N.T. is mtae from grains obtained from
a i*ull;.lna cast charge it it inome senitiLev thian one made fron
grains from a cast oharge with large orystals. (Pigs. 6a and 6b).

iiWow our modil assum~es that initiation onni'e in th avte between
the grains, Any aities inside the grains must e than the
ca•vitiog between the rains exoept possiblr when 1,r t.eaefore, it1 eems nemtabie tlwt initiation miut ocour outside the grains. If
initiation occurs, the preasure must mcmentarily inoreae, and the

4--l~aaaa ~y 'W to met off ---cvjitie" In the graW~. This
"Opanaticn in not antirnre,' ao&1eptaalc beoauae it tugge•t• %hat growtn
La-l =. iniiation is tho contro1ling procems, whera the devendene

uu , '=_gasts the ,c.averme. The efftet Isj, however, a mall one and
it ma La that we are attempting to make too fine distinotione on a
crude theory.

It is iWlpoaible to decide whether the controllIng pro-mot in
the senuitivenes of cmot T.N.T. (ior.al b•man) ln initiation or
growth. Aoording so eqyltio-n 8 a 9,p it n decreases, initiation
bcoomea eailer an4 .rowth aore diffifult. Comparing a oast material
with a pro-aed material pdo d ,rom particle@ of tho oast materia-I, we
should expect n to be aimller for the oat material, i... Uxitiation
sho'Lad be easier at a givm density and growth more difftalt. Ry
=ztrapol.io3a or the results in Pix 6 we see that the minstivuaneme

'e of out T.N.T. appears to be about thq same u. that tf a press•|d
S,•ozit•on of the ;a--3 deneity. It is ?u•asible, therefore, but by

S!no means certain# that growth I. the ountrolling fiotor In cost
S(normal brmn) T.N.T.

,...• ~6.7 -# + ,, 4,-a T . -.

Liquid T.M.T. (at 9010) huas s value of 30 m Scale LL9I,.i**
the oorrespA-4iag value r.0 i x Q at 50 atam. in about 150 oa./m'eeo.
we ha 0-0 Already pointed out tIat there are two possible valwW ofat I &to. vis 0.017 and.0.022 11/usoa. Taking & eean value of 0.02

1 g/o. at I atu. pressure, we obtain 1.0 S/ur'ueo. 4t 50 atim. The
-_-.f o is ucertain. Aaaninu that all the ornXft is preawnk L

CO in the comrbustion products, Q a 653 oaVI. However,, the ezperizae%
tal . Value for Q is about100 oao / i.. valuie of & Q (%t 50 at, .)

ht"•i lies betwee. 653 and 1000 oa/om2ueo. This does not correspymd

.om.IM3; We hould point out that the eVAttm

C N 06-CCC* 2.51L, + 1.9(2 + 0
wdob gJiven 0 , 2 oai/ Is a most un.ikely roaotien. This va•lue of
9 is uoh lower than th eper..mental figure. Such a large momrtiiin
is rn, found with other eplom.es ascamineed, wroept propyl nitrate,
In oMaouebu-4.,m. reactions, Q for .ropyl nitrate is undoubtedl lrSger
than ý96 oaV' but even if it were am high an 40 oa:/01 (m1ce ftq
( .(A ly fh r'e 34. tshown, it woul =td

ýfr-t th -jorelaion hownLn Fg l



iAwith the sernitiveness an either Scale 1I o Snale :n3 antl we find :Lt

di±ficu.1t to aoo.apt such a high ra~ca of burning f rom our bu~wladge
h x Q (it ý,O at...) of 150 oom'saeo then it is 0.15 or 0023 gltw-
moo daed~inS = the value of Q* Prom Table, IX we can estiaiate that
liquid TdTST. would 'Nav* & value of about lU = 2cals .4 xo P
If -pmpt tAl50o10 a2,/ sc, th~en Q Aaatbe not leaw ;tkAn

2AAhnit S30 oe3gfor the Scal~e I resualt to tx.,oparable witta Pig 4.*

By analogy with othbr liquid explosives we ~usame that griwth Is912 he Aontrol111x- factor in the ma,- tou ens�t eu.We have seen
~ 1b2e t~~e rieth- the oentrellins ?..otor

osu ofous T~l.T isinitiation or growstt. The pressure
corresponding to 0a 30O on Scale M! is about Ilz104, &teal that

oore~p gto C. tirt 9onSale1 ' tabottwobicea lre.onThis 11
it roo~ri elponito th owfna m a n Scale le Ibu tIcas loetarge t hit m tael

In the growth peoces.- the nmiber of cavities,, no the radius of
the cavities r and the vvuu of & x Q are the important piramestere.
we *an be certain thatt is x -,Ill ba lpirger for liquid "J.N?. tha~n
for oasat T.14111. since both w~ad (ý are larger, HoweveLo, we shtouJ
riot wpeot a to be J]Arger th&% by a factor of two (iiee AdrooWs
w~luen 14- Section 2.3)6 It is Aifficoult to too what the n~ature of
the cavities In the liauudZ14l~ be (wzsianq they sciat) but it is
cartAi1n that they must be em-allr in size atmd in umaber than those
1-ni a cast solid. It in, therefore, impiosuible to say whether aI' liquid ahould bo more &mnaltive than a cast solid since although
larger j x Q Pm'd smaller e faveur growth, tho mallor value of ni

140tuf. Mucloipftting the COnooirwass, t"~w our discriusicn,, that the
to mechanis of initiation in the ;4 test Vpcled t,) lquid expiosives

j.- di4-fel-itt from th~At fbf xv":& --wplosivej, '-k Flaut u-Anoouie tbae.*
even 31 a-roth is the oontrolli~nZ fotctor fbr bcot'o cast and liqulAi
T4.?H.T. the fact that these hwr.'' s ame s'muitivomeau is a
ao@ni,;ntnoi and not an instauce of a general phesnomenon.

'.*s cotrikluaOft in confirmed by re."te with Piarno Loi. (PUg 7).
Liquid Picric Acid at 12000 has a 0 value un deale II of 34 compared -
wi~h C; valuaes for pressed uharges of Pilurig Aoid wt.-Loh are not greater
than 27.

I ~These data are not quite conoluslve since the gap- test sensitive-
nass miZht have a temperature coefficient, The limited evidierL,
available !~r~dicateqs that auy such AVeaiperature caeffoLent is amaiL.
Thu.a tus gapi sensi -ivmness of liquid propyl nitrate is not more tij.%n
on~e jard dl'ferant at -1503 from the value at about .151b. SimilarlyI ~the ienetti.vvneus of nit roguanidirie ohqangs by one card whe the
tmiuerature is inaroae.A frt 190C to 959m.. (22).

'ge
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In Section 4.2 we have suggested that the Olonsiti7ft~es of
prneasd RMVMM U lesics than mat'.. ýurovijond to the growth fantor

4~~ ft zq if 1.- were ilcmosenous. In general, whether intitation or
growth were the controlling flactor we shouald r.peat R.D.Z aystems to
be more sensitive than other solid ezplosivue considered bar* with
the samp n)3.'ne of Q beoauaae R*D.L ham tome highes~t rate of barntu&
Howmvr, we ==ti rmwac ee.u that f../3E is at least a va phase
sslte. WneU R.D.X. oryste', are covered wvita Deeuwas ia davities

wa be b~efte these coated crystals. TbA amaitveu*53 Would be
sucih lower because besawa.z does not burn (In the abeence of air)*

Su- a fy-taw ghould, therefore, be less sensitive than aspeateC.
from the heat of ezplosi~ou. It Is possible that 112iliti "IS
Luile the crystals (c.f. pressed T.N.T. made with grains rrve meat
LIU~.. ot larlge &;A of mAU. crystals) rather them n Is Va v"
botwest the moated n-1 -itals,

VA6.9 L. MPLJ

. N The quoted ratt. of bu&rn.1,. 5 of. r.,D.Z. to Aefinr.te1y greater thilu
that of P.&N.T.1S. (Table 133) and fthee values &We* .eppxdiatels
with the rattes of burnIag of other nitpowinos end eeraaiio sitrtee
(ref 7). ftwvmrl Dcvdsula work ca cavity Ainiatilm ef XW.S.TJ
and .DJ.X (21) suggsats that P.3.T.W. bum's htater amder hU sea-
ditiono thuan R.X. .12.rbaea upe. s fmal rlume,

P.2,TJ.S and, therefore, we am~ot tssootate the dLt?.ý mu with WAt
s2pots produced by Inteinorysta~llne triction althftuf.-ý . Ue1

-~,64 lici V'illl~ sensitize R.D.I. mad I.Y n. .' 4at $tst e. ILt
R.D.Z. doas butz faster then P.I..T.N,$ %Lau . 4al .utos9'ew Oat acmie
I~ortant f&Gtor- %as beow Aitted fnow cour model*

7. D-.

7.1 Tba results of our analyasi us" !is summrised so t*L-.ewus

ii (a) the shook seasitivemess cf` Aqi~Jds is diwtewmiiid by ~
valuo of tUs pinuducts & x r and P.Q. the sacmit Ntotor
bew3vang inc relis!'gly' lUortant as the oonfinmieuet Is

J ~reduced. This behs$.oacr suggests that growth satthr them
initiation in the controlling fatotr In setwittiasees,

(b) the rate of uburninq ie a major ftotor In the -%eltiw~eas

(c) the sensiltiveness of pressed T.X.T. charge. us be
reasonably exlaianed by a combination of cavity Initiation

- 53 Ccnftdsti1. I



.7.

(~liqu±= T.N.T. O.prnl' ftst in '-LI, Aher liquid ezplosilm
but the value of the rate of burv±ng 16 in doubt. The .ac •
±.• .-r•_~-?', a •.i~Are

:i (a) tht differewce in ar.mitivenese be.irwee R.D.X. and P,3.T.M.
uuJ ori&L-Aao In p".,-iioal, not ohmia factors.

(z) in binary evaesmae the pLyolval. state ot the binary eyuione
ma~y be of major imo'a-Uncs, i * . m22V~INX

(r) ia rirflo ullet teuts there ti a aorrel.tin. with gap
aCaiLMiUe iS i4 %h1oe O's Of U.qL4 MpIoelvee. IT tnere Is
a carrelatoa n" the a•,z 4,0 o.,li4d exploa.vtm, It 1I a
4-.fferent one from that valid for liquid aplasivea.

We hmvo obt•aned mae kowledge of the shook preatures transmittedIt• the -I.z:sie in the 2 R.D.I. op te•ts. It has also been eban
w 1- ihat a seri:LC 01l ociks In tran~sitted~ to the ,_rplosiv so

t. a•t th e xpl.osiwe &:e is zutjeoted to an "efft.tly. pressure for
WO ti-n,*9  V wCh 4ev.e. on che gap thioknes. The oonsequenoe of
a thi are a-_alysue- in Seoon 6.4. To can write I= f (P), whore F

iV4 the "eftoIti' pressure. Clearly f 1') will. depend a the type
__ of , ýnkoet i.e. nn the material of th p• and on the asiz of the

dc.aar -•hige,

For the purposes of analysis we have diatinguished boWeeu
j: ,.'jtaj by which we mean the etarnuW of a aambustt.,' reaOtion at

~~;r'-U zz t he CrPlc6ui-,! -iaU te 1  at theme point&$

a*e a 'Pauti.Lve value of0 dp/dt at th*me -oints. zot.LLU. y be b7
VALabatio ocepreseion of gas-flll-d ioles 3z the exploslve, i.e.

oavities, but it is prooable tibL this is not the mechaniam in liquid
aexploive (eae Section 7.1). If *,.i, charge Is .ncaued in met.el thoJ a~k•' from the gZtn will be transeitted to the oontatners as well as to

-•;. thL explosive. !uos p.atiole vo.,oitiee in the container anO urploalve
Y II.",, "4 ga,3i-al. be dirferent and viscoua b1-ating of the eUploaiw

at the biundaries may be the cause of iaittt','mt. It hac been sheeI thaI nonftnemnt is an invortant factor in *';s growth process. It
Q be t. . , tat t'he type of container used for the
exppionive ohrge may be important.

The two preceding paisagraphs aan be meed by the staL6meat
bnat the d.oct4twi eds cieasured by a gap teat depends an the © r.-

mental ta-.k-.ique a Well. as on the explosive. TO i1ll1strate theas
wa 7:ro;tc th~e following results$-

z(a) -., . .'-,.-- bro,,1) T.!q.Y. ,rA liquidI T.?.T.?
at ,,cl0i hive about the s9 .o.*ko .. 9 nI *A



SIU1. Aaz!,u workern .(23) using a =34fforest expertmostsil
E. -- I ~~~arrangom~its, foun~d l~iqud ~'.N.T. tobe apetbyls
lt~tý cmiuitive than otat T.iIOT.p,

1. A (*b) Dithokiit. D 13 is lose sanditive than ethyl nitia-Aww an

~ Scale 13l but mcre sensitive on Scale Is

(o)~ Je Saviti. (24.) maitions thait 4'1.0 relative seaiettl~rtes of
~- ~ a.D.Z. and Totryl arA. of *Omposition A and T.M.2. in

reves red wbeU the cntialmor eatoizial is abanged'fro brass

9rgnal thswri nth pUt was satda "Lo
prvagatim f single sho aeInto te owosivee This i o

trebut the etffwts made to obtain a batter pictur of the events I&
the gap o',ot haves belved to obtain a batter undec.'* -io1.ug of the
mechanism of aenaitivensas. Meu points (a) end (b) above my be

"viloable in terms of the c..s~tinent factor'. Powa (e). aif
confirmed, probablbvcem ct be welained Itthibaw y bOOaS"1I AQaMA

Ne"D.Z. &" larger than for Utet' "AS therefore, uinder
o~otai oaditonathere. may be sme, swohmana of Ii±tiation othe.r

U %tben cavity initiations e.g. viscous heating, Ln which came the low
tamersmture rate of 4.ecopoeition of *be ez~b..ivo beacess en
importasit factor,

7.3 Reslat...a: t 2a-= tggt smiti!4&wmsi tasAj rut. i, ttw" qWAb24

We &hall restrict our discussion to Impact senaitiveums.
1esaurmeats of impact senaiftlyames are normally owsnked oat wit~h
powr:=c* explouivee wich bmwo been lightly tamped. In such 04aaUie-

AMMUt the pairtiole. of tb* !'xPle)ive Gon &' '".lative to each
others ie*. frictional heatinag is p&,ssitlu, air p~okets we *iwalosod
in thse uplsivole i~e. wow~ty initiatz±m is possible# Menaith
and thus a hot uipat can be formed an the stelker. With P.B.TaN.,

Ii thea teast z' mofritte ignificatiton gappteas ts, be PitY Inth astu

formed byfrictioatel' haimngor ime-Aiet.,tiiflrI the cv%7lYM A

the) According o (Hntter Imat Maoine'40r the uodtim Ofro ani
oz'1osive ios notd alter its igap toowth snimaToness (WAlp '%fo~W*

'7li~s nteU..."o 3eoato aln ao~



A-' --. 'k -e- -tj ..v -ho 4mlrrouoc- ra

I~i "A >- e 5 hft1. >~~r~a P,1 ~

Le.i rll ppear lea.; ueneit±ve than B ulder one tot ý, 'Zoditions
*.aua w .L flsitive under mnothsx' sct. 'MaW a a P a u O p.a. i..#D

* ~*n 6J~ 10 'Cs 1  (cc)a08muelathe rtof bura-

2ha. -jA Lizesgas1f=jj~e data ofit Up.La

LB.DL;.At 'low intlating P t955lWAA. i.eo. looms pcodere In laqj&at
ut~gt~l~ L ~L f aw.W zzivlr or W. ev=4 s uet t? tha 1J.0.164I

btat i...'4Aiatizkg high pressures, L~ee compreused poodare iz. gap tcsts
I ushould be loea soneltive. Aother oase in point ise cordite. lmpaot

testa on oordtea are always oirrxied out with the finely divided
mater'ial #t nera m~ditions the corriites are q~its se'mitl,g0.

insamali~v*. A gpod oord."*6 iarge his no packets of jam and,
~~ cavity iz±t4.%i io is impoovilaU. .lu maanu.at3irc, 30rdlito

is preparedl either Ly a vo1Yvwtleuu ox iolvent prooesaa i.e. the
cordite is never in the to!!d of a fin* pNwdere Tinder manufacturing

14 ~~omanitinas this impact sunuitiveneso of finaly dividdoxiei
I Irrelevant. If,, however, it isneceaeau!6T to mh~hile ar sw the

_*Mvite charges. the high Impaot scnuitivuieu of the finely dLv.Ldod

I ?icertimleaa5 ther"ý 1P a broad oarrolation be*wees time uap
4aniket ScaujtiV~gggS Of &&~y ezpioeives and we s.&st ascribe this
t.. thn m ile ;Jay" by t~ie we-to ,%lP Wurnag. Since. from

t he lown )roxw rate of *aandda ..Z.ogToh Wdeto .s thew senaltit.ywtesaI ~of loco* powders oi aolid mxv!,,sivoo or a liquid quploski* zan~taininug

the& the higb Pressure rate of .tigI

?h1e *&as of ooposito explosives ise considered in Seition 7.5.

7. 1& !T quia 3xSpslpiii

Tn the ai,' %met measurement of the seatutioanesa of liq"4 '
I azploitm wehatvte robwth off *the resultsiam bo corelaned o tb

asloutive the thae growth of the results ae eootr*, and nth
initiatinal, ise the controlling process. We do not yet Imow ý-.at tho
neoto-itat of initiaticu to but two poshibilitie u sat be oc"&j'awrv1.

very s al ixe-bubbles I& h itd d

A-. ~(b), lon&]a fluotjAtior- 1z density in the liq~uid.

We c.&n Obtain an as L~.Laa~ ul' 1
;ai ~s.o of i:.r w~bb

*MOW



Mir~

Orm w-to 2 of-- ui X("ao quto ol iea'gw

-i IV

ib w=.aistlas in thea values of a. and Y are, ist important, If
01e IJAS 1iftO bu bUkf 4.a VLr, We a,..M. 1Y 4 iLee.(t-*hV6.75,j J..m
2.0r%/on..e.i. evaA Is.o 10 *WIm&iýO a, ILa the doup .1ty I& the pro-

4. - .. ~ 5 OUM

soeestimates of % rmthis *sa~t,1m are give tia Table ~

a~" ~L I ZZ

go sP test.

]ethyl Nitrate. .005 75%s 4.7 1* x 10-

.C023 ~(scale TU) 0

Z .0 not Ii"O. W23 960

SIPropyr liNtratee on?$ 293i. 22.2 1. lIX

1..LG.. .0).7 d 525 2 x z -J L____________(Scale I)

Sinee th±is in imia-1-4- of Z~a 1w.bble, fre :dtiAtim ~aw.3*-a~h
presaura conditions in the Cap, test ! Lich give a positive offeot, %w4
sizxO3 we bavo shown tbtt t1wa results caen be -zorr.1ateo with h x
(growth) eid. no% with O/Q (oava ty Initiati~s) 0 &M babbles really
rwansible for' initiation must be larger than this$ L.*. at least
10~ Join& It in difficult to bejileve t~.at 4sgsae~d Uqli• Wosv
do :Minain lftbbles of tis 8126p .xaqt an OCOMalnI oU. 1

It has boon shovh% that additlio of v1igl. bubble (dia.&tswt~ 0.1-

criarol.1,ig =90hainv9Iu;u it wo"! not be expec-ted to have much e~fftcl
17n ;hs g;ip sensitivmnesv.

-~~ Q',f±4.ntaiAL



11,,,~Whitbread A Wiumoxi.

,~ Whes~ t Ii kaown th-.t there are denaity fluctuations in &liquid.I

Whma liquirl is c%.sprewaed there nuut be looai inoreases of
4' t--sti-re~ the ±roc; regions "ýhere the be±: bf re

* Ioomu;Sao . as blow the maa&a d~erts-ty Por simaplicity in ftoua~cz
*tics we shall aaaz*%e thit the liquia, contains *holes". Thsee *holes'

uj.ll he dtatributed, at ranwe in the liouiAi b'at at any momenit there is
4 a fý.nlte possibility that eny Mrrsaapci regica contai.ns more tb.~A

the 03MC440 =Wf.-trL~ O holG3, Such resjzons wgL be ones of low density.

=r Il--t h lWOQos of- 'sue e,,ioqg - thefolwn

waIt wasshown in ref2that the minin smix*,u,r#of vity ia
whiah uombua~,iv couti pro pali~ted warn

.Iz tas valuaes in Table XT we fine, that rVe,o 5 z IVThe anerffa
eneoesary to start the ac~ustion weaoticu&"i (2)

which for 0q13v nitrate is about .3 10 %aIa (V~1e u~$. te

syCevsin Table 11Im r1bet D'a 104l -avid 10 ,*&Is). %his o~

havejer molecles:- iall be roduo th- ordiabti c:Laf pe ssic~s~ itth
local riz- in t*Werfttue is &utfiaient to dooompose most of the
bovrer, i~alele in al tie p of the orde of a at few : mupr seuaoudote

~1 The nmiiber of saorirelazwsl in a dammain ot radlus rs (i"Utally)

which is smaller tbarn the r&quired onere,7 by a factor ofi I) (Allowanes.
s~w.r'.ld t-* n~te It-, the fact thati the re-acrtics is a constant voJ'me
razaer th & cocnzt~t ;rasaure reaotiosa wi t~t. aiiabftiO hgat :*f
acupressier. should be added bur, oorr#;A~onxs will not wa*tsrl 11Iaffect the reault) ' N T.i indica*t; that the cocmplete decomposition

otp the oombrjntioiai Zznation,. Le. thw jsaini-- *&Vit7 gisc voeld
be about 10 times larger,

if the compreusion mines the tmsperatuv.- in the &It~' domain
from T0 a 3000r, to 2 IOr, a t!-srruml axyloai,ýýi, -411 ba npoduoed in a
time T.rreating %his tflermiaJ.eplouion, as an radiabatic tmrst-oeieV
process (whiAih givem a min1imum value oft) 8 , it can be showzA that

For athyl nitrzte, I a 39.9 k. "Is/Vmole, Q ow 70 k. oaLq/olos lc.ý D a
15.8 aud s, %ýTor c.tlxr nitrate vaPo-ur) A030 0alt~aole, . Ah those
values z 1IlD' is.=.T n60 0*1; irv5 z ee'v@ae, T =700tI1;
It i 2 z 10'~ se", T m 8u 01. The delay before Ignitin rem narity
lvlitiation ?:) *p4 v wle.7whioh for **,hyl nitrate (P a 10* &amps T A 3
a:Vjeo) i3 ,wlO-* so'ad U rimentall.7 the delay for D.!S.G.N. GontakkP.

-ýz ... L"J.. Jat-3 byF 1ha i, teaiits Zc..ua~ '&, i a.&

UOO. (17). Asui~maing V" the host spot (Aunt Li fuun*Ad in i timne
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'btbrea.4 an Wismain.
Cour-1)entii1.

c ~ twi nt &.-eater than 100 aeos T must lit botw=m60 and 7004'K.

'Zie bulkc rits Ln tempnerature w%%fn water ia adiabatically
s,)itrezaeod to 1040atm. in abnut 37'C., 'ge @hall a,.9une that this rise

1.n *--e-rature is bought about when s=6or t~h "i holea'4 in -the ALqu.i±-
ar filIA4 by oosp.Ueacln, i.e. ror.ming mOle'Jaes into) them. If
Uxploaii liq•i•'a "ahave similarly (r-ugh oalculationa on methyl

Snitrate (10) give & aaller rIe in te~eratr*) 10 times core ul.es
Sart needed, t,, eia t on a othe avve e Per .tit volum. of 3!tpid in the
oai. Lf :ad-4u-s 10 uo a 5 z 10l O o in order tog et a rie in

temperttue of 3.10 to 4OUt. Smme liqu.ida at the Leltlng point are
7, ý lb.7p m a.bs th"a sulLUa --Ab trie **A*Otae.~ we eaan .qcrudaely th-it a liquid ,sAtaian Y to r eholes, i.e. pJae. ihere

moleoules -.eae in •he voli-;. . . means thak the liqAid would
have to a',.. ('-• 4ivh -1,-enjions o 0'4 =m) or ions tasn 'half
the mean denxity. This is most unlikely.~.1 I

-The w.w poasibili..ies di2',.-_seed abowv are net neohaniamst,
ther*'ore, for the initiatis o" liqil explosiv-s in t0 0e: test.

cOtber possible zechanie are visoous beating between the ontainer
and the explosiv and concentration of sbook wavee by rcfleoti• frft
the container walv& Without further a•leriamtol data it to fttile
to %ieau', a. Howaverv, -vn it the smnhanisa of initiation in the
Pap tea4t is ft,'td, it may still give uo epxlanation tf how low veloot,
lIdt",Aitlwua prpagate in nitroglycerine, methyl nitrate and '5iethyleune.
xa..ymol dinitrate where the velocetioe of propagtolon are 4.2000 Iva,

67a• and %,. & -a k pressures are o 10 atmo
7.5 3oli, S 1p*oeL.4..

On the w uel discussed in thic r4oport, we hsve shown that theI ~ ~? ;;a~ r"'jvo explosi've C= in',rsem&u or
dearease with dA'sivy depending on whetacr the juntr . .- ator is
gromttL or iLitiation. 31,imiae resul-s have been founi b ',-!arioSA
".Nork!: (2C. 23). At I'L.itiPs near the absolute iensity inti•tim
Way be by anot•'"ar maohanism, '.a. by the Lemperature rase prcc.to•d

by cmpression o'? the bulk explosive. Our m.d-el thum secom•s ir
the phenc•ieon of dead pressing".

VIen we wYihider oomosite eorTh ,ves, the p.-+ure beodyt es ,
more oomplioatea. Compositions oonsi ;ting of an exploaiva ;lus
an inert 7ceponent. e.g. RDa/BIX are oonsidered in the first pAO.ee
If the L.,Ubt oeponw.t completely oovers each crystal of the

, explosive coo, onent, and if the orystals orntain no gas-filsd
cavities, the oomposition ,houli behave " inart .. terial to pr 'a:.ts

s.C5S than required for the i itiation of "dead Presse" .'atorial.
W. n,,n make an estimate of th, thickness of inert layere i4 the
I ', i'O wing wakv, ,t.ing R'.A.¥x: am our mad 9I, Let us considp. ar4talalI
of aiameter d om, &:%I cavities of diamever 2d (ics,.otlato of e*'atlan
4. Or Aippendix VI shows that this corresponds to a bulk density of
tPe.ut ,. /9th of the aboalate density). The tnermal energ rl.la•edj_ n the adiit:" '. atAtIo ocmpresuion rrcm a preazure of 1 ai. to
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* 'Qonf dentiai.

ORO Of P AtMA to2 SAa!Y shown to .' (* aseting air in~ the cavity wit
a molecular vslioýt It)
I~~C ('-. (4r)t "''

'Whor -Jtajt40fi i, per Tole. If p
A. Z LY atasm T X-Y &"IO9 we4 W*a %h11ere.,'ror Aealect To and obtain

t tbe t--ddaiessan ~t e -inert material i t~m.# I ts OfteotiV-, lAten'

heat o0' fuion, 1.*. the mnergy required *') raise the inert rst4rýAl

Aramuzaing T w 000o~~ o10 a moe,. 30Ott0.8 W00 30Lu
50 ocl/g. td _r2 Ifp 3 Is tha dmnsity of the wploslvev the
yarvron~ago oi 'nort materil iaL 6 .. 4Cý) *F ro Par MI.4/= a. nd, ror a wax$ Pi 0 0.8 flOW QeU &'Wf~ 3.90 Wot waz hb.U3
be 4ufficient ro desmuitis* R.D.X. Usuia11y ab81nt 1ýZ is u2Ied but
Ponn.L and Sterling (25) report that % Booe- ax or Aorawoz is nuffle-

of t)~e wax does niot enter ..nto fb4 .s oalou2lation. The rqcril~ata

of te eploiveso tut t i no bev~ durted hatd~g Sin
for most p.roee t)urable epoi isrequired i#folice fro
this diaouauaion thtthe mii-ai fw*x U ~vrL;e j
aniur~bility rtithpi tha~n sen~sitiveness. Ahigh density waz is o14ael7j .ideu:'a~..if a gýourabls oomposition ie r~q~dredo

The T..T.. in SWV/IT apoowAt± ,=a can be regarded as theI AU~iallla~r j~ tis iSe r'ýr'te4 by the fao- Vhal! 1%u~ copos'M=o~
approxim.ate to T.NWi'., ftather ijiagir.!. ia th.a.r aaeas.t±ean~s;

Comosie eploive, uch an HRCt0,/?NV&L present a aunb more

gap testa. I±u impact teatim, there Is plen'qy -tf air In %4,1 lightl.y
týý d 1M0Mt1.n 4 tbt 0IA~ionof thO :I~nU a r~d

the nree-ary hot spots, and Criotion and 1-is.ti~o deforma~tion 33y

materiel. It is itot at all1 clear -.hat the ratet of burning orC ;.jrmo. otsp%&,e ia eevn In hs case. xt ham boon shown that
Prs-e ta*m'g of ewzi t ore saeitivv, at to e-

thatt. In the. oest charges,, the ?.NT. ooVers the &aigw4n1G go tint

-j60 C )A~s'"
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ox.I'ation of' the all-ir~ium by th'e dzpisiti.or produc:a of this

VT L3 &-7aent^'. 04 tU3 oas).s we canuni rxana qualitativelyI
.. .. m lsrom nf the, three coap.,nents are eA aerittive*AL R.D.I.

I = e Mc:'e6 insenlti. a s Oa lt occ ap(o it ion s.

It WASe also four'1 (26) tzt the g~ap sensitiveness lecrease'! with
* ~O~anai~y. 1 3 thý dens ity doore. qes the mean~ distance bralweaw.

fuel %r4 oxid~ant oompcnen~s must .4-c.raame. In order to got an exo-
thermcd reactimt between the Al and tHN i"$~ ,A diff~ai= fl#Am

-u.t Iwo &41 up h-! this -tl be wre ±vui.' V~ n.' of

It hag been has ben that ther Ina ae r~caLe otwtinbt

Vr~eting the~o tahaeou of comoste m eyau tams 11n b1a prooralat th nesi
ignuteo tha estivns of'uh bluar notinitiati of eMZ laion cntae. fuel

to6 R~,ifle Blet eotjitpr ye~aed yrfe 8lt. 8syupstv

tho controlling mechanisa, It- ijz logical. to apipl~y the am*c onolisica

q.&AeuW 'a .5,attw tho- reaulta ---o!-.=d b4 l-t L1'fo

mild axplonions to complete dttonAtions. Fu~rther, plastico propelle-M-..
give a hii±' percentage of cxplciuili *.ltbt~ji.h their gap sem-A-Av ofm
is low. As a possible exzplanation we h~ave sugges ted that the

4 *,, r oo in thOjle let test star+,9 an a 1CM pr "uiwre',
i.e. -,'06t, oombustion :woocza. Whpllh,ý t'h- rifle bullet causes

11-ýjan 'esu*t offrictt¶=la1 heati~ng tz hne xplositi Al~i its
passage '-hth~g&, the s=%l.-rej, by forming a hot spot at the back or
front of the outitainer from ý*e -or donm. in piercing tbW container

or !ýY tlv of:!h%-.kvsvs i no knwv.. Whatever the
meohanip"-, hovm!:sr., we cannot edpect the correlation between rifle

for the two ousc~ae or =%itzriale and we -u;;-ztw that the ini'Vil
premsurs con~ditionh t'.n 1the vwo types of tm.aL are &L-o diren't,

Two types of research will be necessary to clarify this ',~
pinture. Firstly a detailed study of the time betwoon impact and a

4 ositive effect with diffevent. max-sus and energies o~' f eagment
(bu.1et) undisr 13tfe rent coniinevent c=:i~tions. Seo"na2., a

anwrariason if the rifle bullet sermiitiveness and gap test ii-mutivswe
of systlems for which the RV?~ curves Cross at 3=s. pres:ure. "he
fo'l.auiri symtews are quoted as ersoplest-

(a) ethyl nitrate and Z: burfere diol d" Laiwu. 1:~c

6i. CL'nf Idetttal.
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Ce'rrid~xCti4. tftb~i.~ Wiseman.

tha; at~h.- zudtrate has t~a higher. rate of bu~rning at P-~
100 atiut. wheroas it is less a ~iie on the ggip testA Scniln TTTA

I (b~r. plaztic m.ropellant with and without a oombustion
eaa*i for which the catal.ysed composition will !uave the
higher rate of burning at low pressure,

(c) T.N.T.:,& VM ~ mi.-sie a, (TNT) inc~reases lineqrly with
preszure where"s that for Rk6964 increases as P _ and,

' (41) othyl nitrate alone and catalysed with an amine (W)

3Our t.ieais is that the Pmass rate of burning combined with the
heat Of exPlosion, 44.s a good criterion of' tho sensuitiveness '9P a
~cpotuid, "r gap teaL ine"&.wmmnts, th~e high pressure (above 1.000 .aiw)
rpato of burning appears to bim aelevant woereas in iupaot, and possibly
in ilebdllet tents, the rate of burning &- lower "re~sures a.ppears
to bes important, Ho'ueve,. with a givesn composition~, the sensitiVCAees

-ca mai vq ri"'i oVer a certaitn rang* by' alt aitloiAs Im ýJ lleswa~y#
grain sito.- &,Im cryi~a2 *x~A or form (at a4u~ H.M,X.),. CompletalyI* satisfaztory desensitisation implies titat the aner&Y per unit mas
and tho density ef the explosive in -4ot reduced. The method of
application ot too explouive also Weadd .itional restrictions. Thus,
If a pourable composition is requ~~i; e ,, *. 0,!T111NT. RDZ/M_.T, the
m~in2MU14 AMwOUt Of liquid phase required is probably above th'. *'aiv=mw

& j amount necessary for satisfactory desensitization,

4 iLesensitisfttion can be acthieved basically in two nays. The first
r 4.i.. tnis rat~e or burning snouA~d be ,edued~, .-4th is little

reduct~on in the anergy ase R* 4i.aoio. L.~ tha rate of bta-n-3~,Ling, without reduction in e'nergy. has not been achieve except by
mi.,dng systems such an ethyl xuicratis with nitroew'thane (Table 1),

The second way ic to prevent cwnsanical action ftvm - d''cing hit
spots in the explosive. For l±u4,this msans avoiding thr prosenoe

of all gon bul,',les in the liquid which it difficult. There is soma
indication, however, from Bowden's work %'15) that, in impAct tests,
the viscosity may be of saw*e importance. In the case nf solids, we
must reduce fric~tional heat; i.g, localized pi.aotic deformatiusi in~ th
orLystai5 and cavity initiation. in theory it 1s Wvasible that som

tothe crystal form, All three factors can be controlle4 to somne IA
extent, by coating the high energy components with soft materie'..

I e'wch an w..xiz* We have -suzo'ested that w"'5 awxsould be suff1icientM

4 ~tz desen~ittie a copuu- ftuch as R.D.X., against cavity initiatiow!but we &i ?'ft ir" nther tach nmall qiqw~ntities would be eilfeotive
in =pact vesta with grit prouent. Se can a** that, with such smau~lp

sitizer, zpart from ztuvel vart th~ermal o~nes any, to* Abi tiltz t
adihere 3trOn~ly to the f=r102iVe, are of minor tmtpor 4trto.

*;~~,.62 Uontilential.
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Whibrad& Visamn,

greater the qu.anti~y of de~anaitice * the more importanit beovue

properties suo sa density and. energy oonteat, Of the--$te, ... it
is piobably most 4l'portant aince detounation pregsuz.. is approximatelyI

4.pro;7,,rti4ama to 4a aO&' par w-U a Ii.j -'ý IL- ft-- *e C
__1.ý toe denuity. A high denxity de~anititter lonoral , h &iou

of appI I.aticu because its volino is smaller.

"It is urhoi la ref 7 that the rate o?' blirnint t -ree~urpo ofI~~;, j :,) atm, tol~ a mootmio funotionc ef bu v hat explosi7esa ~n~ 3vdi 1
%nto three broad classes: nitramia..,, nitrosý' omountms and nitro-3

~~ 4te ra&te of burping at a given Q d*,r*aaJLn in~ this order,
'~~ I ~ American workers 1~ave reallsed that the a.liphai a itio.c.M Oitfr

a f~4+ ie 'ld if !'e! etL'h endl have *peciftisA!y looked fl-r a

wT~poAsives because of their stability, ftirly hi h enrS7 oomtat and.4 high dtmaity. The efficient utiliaatigan of' thesa uxplotvas requ±ia 3
WA. Seither,,

(s.) deswn21ti9&tiOn with -m-33 qwmatitien of hIa&i dazeityI
Apomsitimers, or,

(1 m 2iasbiim *I,", au &1I4t& nuiviioskouu with tUe
minlim= rs &wticc in tuergy and do.tity.

: jCl~as (a) will &.4-m oompositioiai whion @&=ot usO poured, bu~t =tbe3
vress-fiIIIloi. Cla.as (b) can give peu&ablii Thi e Upli
aati= of theat Ido: to explossive apt-_s wil be discussed in

~,* 1anct::*r raoert at a later date*

3.RzPape & E.G.Whitbrea. S. R.D. M. Tech. Raw.. No. 2W2
L. LA.Wireman. R.R.D,2, Nor .rt No,5.G.Y.Adamm di r.W.Stocks. B.B.D.B. Report No. M, 51.

17, (!9. .P2A is-m L4JDrumond, LE.R.O.. Report No. VI3

3. G.L.Mam & .O.LI.oyd. X.R.D.1, Report No. l/,

?.~le~e~& AI.Belavev, Cocmptes Rendus (Dokiady) ii6
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.1 ±f. "*,b & W.B.B=ack 0.S.R.1). a-zport 1.1. 6,129.

E0e.t Xso. W.0,/5.

1,r,. 7V.3.IBoden & A..rTofte. 'I"e 7nitialoi & Growth of
Uplceimn in Liquids and Solid..

Cambridge Unhiersity i~ross 195&
'LO,. x"sO. No. V3- . II :' "4n ",htra,'..42 Report N'O. 1//

357.

211.?.1'15-4 & OA.GulcA6 Proo. Boy. Soo. 11 19 .50

"2. opr322alrE 0 lit o4.R.Li.A. Teah. Memo. No. 1,NS1.

23. .7.Savitt. Navord Report, 2997.
25. i0LFsuio& ?.S.St~cliAS. C.A,.LD.3. Tech. Usj,3 77/52.

26, OI.01,Loawiberg. Navoi'5 a(.port 2589.

MCIOMiD 11 . UP MVMtA-ZlIN 1-.49f).

Sthyl ritrat.. 42.0
Fzripyl Nitrats. 48.0 '
2 - Nitrooopine. 38.9
2:3 Buiane diol dinitrate. 72.4,
Diethyj.ens TlyoOI Dinitrate. 107.0
Xitroglycerine. 85.4.



1P.' b~rea & 91 samm,

WSfl~j 9P W1b4AT!QN (4Bj&U)

Nitri-i Aci..4 I

2Atbyl Alcohol,

n. 'S '1

11YIrr-,~ !U f-41C0A%. 1.2,05

Xercuwy jit~iminakim, 65i.4
Triitrotriatiomo6*n.ne. a/?
Pot*RAAiKE Picz'te. 110.11
Lead C.L-Pkunate. 1.07

-. Y 1

T.N.T. 10.?

41 *, -- yal.uf-i u-~ -o' in all cases. the beab oncs ,Ma Ta
& 1mt Jcs 95J4, 769$ quat a Vals I:g*4.8kos/1fw
Imhyl ?nitrato azA a recent redetermination orAH? (CH3 o has broaat

it back to the ol.d value of-27 Ic~ca2lm/mole. TLA amin Ngoor'.ax taso4

(a) 33pringal.1 arA F~z--* A. 7,U. !,L-.mrt No, 6)./41.. I-
(b~ F ..4 . ie.R.E. Report No, 2%7J.9

ýC obl~ason. Theruoevn~kmniq" ;f %Szc'.r. dill

AlPENDIX IL.

erplos~ive. This leads to a man m te o~f burning We unit ara whichI

is mich greater than the Um mass rate of burning., t1n 4ir such con-

20~ ~~~~~j -Uarspa:itW~nzvlih fr~ n vnuly*ukwv

SinoG ~ ~ the g- lwit.asokfo-ti leisproiuvs~c



.4aW1;T- =I W-~~ "-

I** 
4j

I w r - "b = t s u 4-4W

whr- -'- Y rai chItrt o t p rt?*-c ob s ng s &

'o=I ete c isv i'oa Wis 7 ,wenPairv -o

a.t A'rnmn1 A s*zi r-j" :i~ aii O V-tnl A

a ',a~re ht of ermbustion gar o specificw Iete
Wit 054 Nou 30 Y.uaw F w~ at 1. *sa~rA ~aa0, cal/e. dnit.all

the ±n Vau Of k tP ati about 20VV2etoain . ~tc

TV, i&

z'1le th orte Q ltuitiot eqxres3icnflb -aM Pott aspifi *ea W4e1-r
af~ 1pe3U f ulo heat ta.tntpeputh ariI~ ~ ~ ~ Wit Q 5Wh"=c, rne -1ut 30 ru12at of combusion, i/gu. leg CýAa #a ot--Pto! iothe ernlusv of, at Pu aL at., i, about 20 gq/oeaeo

Ae. whic ris far analyilMe th ( ravzte oft ,iu90I-3 of) .any materil

vuL4i a the .'nitii'hmatocls (oatant T& -ill .f tfe xct) ar1O. is pzsU
that1~ i.~n the aideptULdilare oxpeas.cnb a talousadgile a2t.i)/eb, t.
tru rat .f bunn pei i s rae hn*-a!too~e;htýro o

0,6A ve to deoato wthout an intermediate oz oomuisL.Lun, wvubn .. I
and W11ia~wu 'Po R'iy, 30cc 1951, 208A, hav!ue snorn that. rith

thin f? )ms (about 0.1 mm., thi.:k) :ýf the &sides m4'nticned abovw. therm
is no build up to detonation but dotcrjiic.n -~.-im ~ediately on

- :;~ ,s~ - -- - on2idtistial
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C'~W0.~TI0 0? APPEDIX Mf.

?TWA 0 CF ?MPRPELLANTS IN TABLE M,, -

Code Mv.Arnnnium Pclyiso- Poly. A'aN Lecithni
W ~ ~ h C0 *rt.btln.syee

~~osi&~iParts by wuiqht.

P9 202. 86.5 1 l?.5 - 1
E260. P 5^ 1-2

-- 22 .
~w ~ - -101

RLI 2331. 36.5 50 12.5
RD .42. 26,5 60 12.5 -i

Most tests of Odstonability* are, in reality, toots uf propaga-
tion. Anf the usual fom o1' this test the material to be examined is
fillad iiilkc, & ciuwaher of' Wineage unueo uC sbwu..i eq~aal lenaths but
different diameters, arm attempts rer msd. to irhitimLte these charge@
with primers, the size cf which incoreases with' ch:Lrge diameter. InI
graners2. the ability to support a deLunat.Loflwava is greator at the
1a.-.cr 1hs,&ma~erz and witi th~s mc.-If fAir~vf Confining tubes. Tube
atrvn.ihh is of ernmndA 7 iriw tanne siwn~~ tre prestrv3 invcLveA in
adý.tc'vtation (about 10- etas.) are greater than the yield p--oint of

In prrictice a standard set of chsrge cases is used, eacis case
with its mw'n aisa of primer, and tha result in quatee At the asallest
sive of tubing in which the 'material will propagate cQetanation. luar.

AoAt mfl titbes in gevive below.

Inside wall
Diameter. Thic~knas. Pie

20aue 60 gram. Tetryl.
a gauge. is0 gram Tetryl,

A16 gauge. 20 grama Tetryl%
16 gauge. 10 graiss Tetryl,

16 11auge. 5gram~ Zatryl.

67 Conafidential,
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'4Whitbreu,4 & Wismn
Conf idential.

Disimettirs greatur tnmn 2 incahs ax-e seldom used becauas of the

qaatity of axp~.osive involvad4 With diameter. smaller tl'an a the

T~t V be the volume of the cavity in &A *.ap*io~V* in which
comb'ustion Is ocurring~. The mans &()Or fgas (CC-MastIon% Products)
in the oswity at tVm. t sý- mJt) ' 1t) 03
wt*"re N Oa datAit. of gates lin eawity. ,r 'we asuem tha~t tuo

EL**66a"anideal gase* (consideration or Lmq~fect P~.5ae I&
givn atr) PSa g/- . uaonoe:-

'4 whr P a pr~r ? u to perattira~~. mean molecular weight
of gases (&-i~suie independent of P and T), R a Sax constant.

WV___ aA~us f caviy, 2 b lioa~r rate of bu&rniz-4 cf ck2.oaivoc oi/e)

-;em densicy ot capiosive (the cappressibaility ol te ex 1estvay is

There ýra irncroaae in radius iz tiaw 4(.

Substituting equation 2 4.,j equation 3 &14a notflg Q~At v(t) a

a (3&L/3). 03 we obtai2n4

which *neg±ecting teams in (oft )2 leads to.

Viue of 'JVdt.

In time.it the radiu of the cavity jnortases by Jr and the amiss
r. ~ ~ d' th m,-t b, T shall now divide this process

into 4wo a'agesz-

(a) uyIition of hot gases of Imassicm, the radius changing froma
r tO ktft no mpor wric ic d'%e at tt~s stags,

(b* 4ranxiion of cavity from r + 4)t to rn a iz without addition



lCtbred AnWtewan

of hot g.esk4.

(a) it eCis the init~al temperatu~reof tho oxplosive then a(t)o.G

V e&rzrature after' add-it.Lon ofwanimr of htgosesa,
1wtof ax-p1osion at -ons.tant. vollxte && Tog a a =n sapcitlo,

By risarreangi'ng the Albove eqiu.tion we joteaint-

()For P&4absucxpaso P ot 4  Yr jid diffeie'.t I
fwtam6 LUW -Plu) Wh-hme-na dP/P a

- YdN';va - SY 4014.,

Purther P a const. i "whnedP/P 4rToeoed/

where TjI a tone.ratrs atter expa~nsion ,of cavlity from r + 40't
to r *ir T-! vaiue of 4r is (r% w ~ 1  here A Is kwe linear
rate of exparn-an wnder the nydIro-dynamic force%i.e.4r in
equrtion 7 1s idt.

From equations 6 and 7 V 'f4

114
whiichi can be wi'.es.

I since T' 'T. e

EquationA 8 ckn bm P-.-;otituted into *4qaatiLon 5to give

Now dr/dt 8 Rb -,where AL. a comuplex Ounotion of P -.Yd Oe~ oonpliticww
Oi ':-Qnfinoewntl is thie rate of gxrowtki o, the cavity ~Awer the presaurq

a a ML10.

4. inperfe-t Games*

irstL.'4 n? assuming that PY a nRTO we coat take the tsxt approx-
.i,at-.on or P( - a Gr~R, whno'4 b a A conrstar.t. n a the number oft
mol,ý- of Sa. in volume V, It followi froc this that . IhU bJ
11 ihe %bovo anat-sim, is reveated Yv4t~ thip val"*' for f'g, we IVbtain:-

!!sf m nial.
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'I Whitb're-ud W isemran.

j ~ ~~-hn.,e 4.~ bP/RVloh in siw.Ilsr t. ua'.o.9

T~i.t us ýagina that tho charge, a4ACI~ :,.1it i~~~s~3 3 ex-rp.idn~g at a rate of A (ca /'&*a) per uzit volW'Woi eplstv
* an! that tae inure&&* in volum Is ,Itained en~tirely by exparmsi-n
I ~ of :ae cavities WVIer t'me hyarodyn&Wt forcesa, i.s the comqrsesibil-

'f *.* h...ý i
4

M net,-6ct. ?jt theqrn be n nvii3

vl-Ih av r~is a ri1slteP, newr unit. voLa of explisive. *
12.

W ah ro dr&/t ix def i'ied by ci/t 0 4re/4% * b * in ScotionI ., ,thi~s appuze~d1Z

TNITIAY'ICN IN 4 CONDE4~oW M~ASIS

"ONTAINTNG CAVITIES,

1. it was shout in ref £ ~that the presire required to produce
initiation by the adiabatic comrkassion or gas in sa vity or initia

raaihs r. was given by the equaClon

= ~ ? FrtZepoao, 4an.iitojxf- ga int ating az~sr, =tzfiiiton

R Ras constant,
mea mviOS' rI1cu1&ýr weight of gases in~ oavity,

*k oulecular weight of explosive vapour,:1~ V pour pweant~e ti explosive in ee initti'* Li

a~ specific heat ratio,
T'arui temperature in arity atmomentofitlin, v,

TO initial temperature.

Ho'w if & iz a linear functi.on of pressure, q in *ippro.Lizately iTnIbperid..
-nt~ of presaure since kf 3/%o iLb kio' 4 mrale y i± ?z.;a-eflt of

pressure. For mo~st ex. osives p ir :mr ~a~lle the tvwau containing

.- * -7

tiW4



'A

*+i a&.-% oa: nenglactad. In ref 2 it . a estimated that T'/ 6 '0 was
*abort 3 S3 . tA•e..rJro if P0  sO-0 att• ., We can alec rle.eot this cars.
3qat2.oz I. ou tnersfore be written

2.. .
whv-tlg ~ r wlo DO - Is lo Po here D1

Z. E;st±in 2 will r.•w be soplied to a pressed charge. Let thec-,.-- "- ns.d, k- APaea of ea•losive of gr-On also d. If +-he

n-n. ty of the expl•sive .s e. &nd t.hat of the pressed ohro is.
tha rAb.-er of ,pa;ivc •arti:olez pe .z . l'-s of pessed ch•.• e "Li

The fraitiv', of free spaeo is(4-014re and if we regardI tv4. sz3
"" dt.itributed over n cavities ;ar unit volu=e or dZimeate do,, wo ob-aim

4%, V .4- 4. a(iO4*41/( vshch O ubat tuting the vinlus of n froz
'Ja 3, leei to -sduc.w )fpsse eie1toitA@

o equation is equal to r p eti
a prensed cnargs by' cavity initiatiou is thu3 ;wven by

log d * r 1",r..a'b " "w fl-B lo P 5.

pI:11

'I]
_; I .. .
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1WASX Olp r IIAW'ZCNF 1H~5 TF~r OF T ~ S*1

I- ar at *A"4p~

?eprime P~Possof tests5 of da~din~ve"Nos to to ~a! the
tv f so~nt.0 expzp.aian omawTing in eav1oITO tlarpse or

praoiatl~ mite, Informut.c is scommla3.sn ot 3.A~j14.D *hot in Us
c-as, of semtests of "aLtivoviss it is =0 ChADO or vroutb, not
oa1, I.Ilein tbv L& eassessed.. In this os~egu7 wes UO 'GWp
4 4,4t 4 U16 f aumiive" t attmak tb: inll um so ItionGo
%v al h-olocl ty frairaratal, po&A~b2' mezptine lbus theyate SPPUG
lo mat-rift"~ of a bigh order of se"U4vousas sua as ILD.Z

Perhaps the awt IAortent part of t~ais Inu'meafti Is the
r"wiG ow&oat~ b.ess~a aanl tiynsm s qA an &A.ur&-ijy 4erinad
I--+- - = c-.-a ta*ao "ee2'.id r,%*- *vj-usvnn daa &

A C-72-oaf~tioS, hasvw, tmndit A'--v d-WA rr -voftolm st bl.)Lh
se~M~v.~:,and 01s'M falls .-.-. PlASUi. PrVpeU tantu d 00oflcuasZ

Rton~nt wark *%xA .DZ on( the onwbAm o: tensts Vy pro.4@oUtA

sc~ack baz rer.alad taucouQ po&±oam of up to 5OO microse uA&d
2QW~ hum ~e t el~t~oe o the ~aia~ inO Ort±w of t~va

.4 ;;,~4,ja process t6,.ý&h~ it probab I thae. their c.-rall patt4ru in
A &U. a ;! th e *0 t o e 00 ~ r tou . 6i. 4 tfl t2Z O r%4 tt 5 ft T AZ!ZI ¾ iZ .*

I 4.t:Ov~ses of the explosive tesl..d., an = say romil.~t Ini Wsae m:

f-w. say, liq.t¶Lc'. innoprovell.xats.

IIr, 4 th pzK.loular explosive, it In clear vuih of'0 the Urse
___~oso t~e 9xvlosive roactloui ta the most mignifloont, Inititiion,i

* ;:m-z.th or provaga~itU 1u al it 1el is aIs* tLM woTrtftbl.Ing phas*
4n th too--*. &--s 62 1ME~ *W



fthtbread

will bm o-" valu~e ov if relaia~g trn a different parameter adJ e1hl~.dmg wlder saoetU.- tinwith W tho iqU4± Iz'1:ep-1241so~

ISo-'t4± vertsi tests ~ar usually perfrme 3A order that Mhe Ghsm
1or an exr1ouion W. a obargwi of ptaoti.oa± ease may be eI~~m, X

su.m~h #& practioal charp ii 4ati.an is ~uauily important only WMM

acca.aniAd by the mubsequa.At grewth of the exPUSLOU PtiOea..

=34 04, rb 66%8 or menmtLrcaoes the inohandim of ute that I*. ca-;a~, Uum#6aa pwim pa=tat v I"' .4'A Sew.4 is lot go

laua"* ifthi& 1.a zog t"hoz t~.o arlim~ mamd by tbae.

C, ina fact# meashe nitiatIZA~ (e0g.. to Impait Umaiss). It VIN
4ats, we to be tnto11ligenty umed it idl-I be wooesary to 4o14. baik

I wbat is required and 'hat is pmcvti-o by tbs tests used.

A 1. a=_Test.

It has beetu d)oeryed tj ipavv.o a1 thwe - notably Hp~ft (1)
that am ';*t&, partmgarlwj tbose umL a bigbuintenmtkv abazk ft

ths ezplasive, give resufts nhJh are vmy wepZofhsiblee
inaro to puit mosiivemmee istisUe aa a quaaftat~tve bamis it vu
tberifave cols tSRD I. e years ago to use ths IVW text*

~6iThe 12med" se fnu used at Wal-twom Abbey have bs-za Geewibed almoblv
-- 4. AM Ai at0n f - 5Pmso UA. W Wsateu

tlvxrewe toPatrn . --wq~ate int.erots described as @Sales I:14and11 the mala d~frer-aoes oe@M ia) imat in Soomiu I& "m ~a
-* S ied to oomtain th aro2, under test is Lgbtw 12 that usned In
* jalal LI1, &iml ( U at wh~rgeas ~a boasis k t~e aciio.rita of 4L*Ue

ta LL& .- % "=4=tAiton (W 4'K4 0;;r;; case, In. Bscal m it is the:1 Wbir* of' i.L test plaza placud untL top ef the 'Amge uner test.
Lu~ outh~ Qase ýie rom~lt obt&l,.,rI La a ==tjr, k~ma 55 w 149-A~d

2. krz:*.*Q1le Too%&

Sic n tk~e past it bas been belived to be of lpraot~oa.2(a
cmioo~ed to Ifou1odac 4-."eO'tangce, am~ -9-m-30 ýOm &*w.-ltm LaV4 =

L±..5.ir r-1-.4:3- tfl the 1cn' test. a cowzdiaraoleI voluft of
warz mes 1 on do the *rifle biiXlet atwak' test and cr N'A shgb

tn- W 1. at%,.4,k %bile confined ". a acutainsr, Usa
£ 5a~~;,)i4ition of uhick. -I, aarjumnatlo with& blast ofetfccts,

a c:rg ha mir"~tI.-.01: S d

IPA- ~s~-~~ ___U

. -67w*

FAFU



Si'aWhitreood

O In an analysis of the results obtainad by the foregoing tests (3)

Ca) That -=1toesn.a oe, s aeasurad IS•~y w•ail III (Wida dealso with long+ : '

sensitive explosives than does L 7_
Scael 7), correlstes Uinear4 wit'Ih '/

th~eproduct i, wbwroAIs a Maes/ , J.IIAAhU

4,md4i.iO!ms at an arb.•i'u pr.ssu / -- .--

H61 adQ is %k.A eatf a!~d%,~~I..i~~g lb ~ 4I &/ 7' .as",. •m.m.m.•a

ezplosaon (wate gaseous) At ".
oonstant prossse. The data an ~/
summrised in Table I and &r&WLu.Th
represented i.n vig 1.01

For o- - two-m-o.p.t *yet ,
(.g.3 ethl ntrate/et•il oohol) L LUhe oor'reltiP,:ou 'between snim+Aiv.e- •- --. 'm

"onsi &Md thie oosbu&+Aa4 . data 15m insfc*a

ar-61-mt iolaiosfroa the a)_A_ OF Mom___ _linesar relation so~mm n usually+- one unit (oaar) of Nasntivenosee.

IAs --an t--39'•en P-t PiArg I, the ov.•rall oorrelod; is very good;
if the ,a" of 203 butansdiol dinitrate Is excepted the regresaetn
co•effiienet is w.hic iA significant at the O.OI level for
nunter of materials basted,. it iA of interest thav even the 2:3-

• ; ;;;....I'. :4+0eylt41 shows ÷tf orh".mo between ao,,•t~vo-

noes and dQ when oc'ctaored by itself,

(b) Mst a linear reatiom ' --
between the percentage oxvLu,.as
obtained tn tL 'rifle bullet' -

tot^ the se-,i1 ?yneea as .

ac171. lfand therefore, the
'rir.e bullet' resulte corre.a, '

Fig do

Ie Peroentagewu• alp.:itona in Ff buAle%

?go Vst . C.,-d ,'aýUc 'Cap, .me-' Sc.ale III,.

pig. th it0

"COonfdoantl Al

"•-4 W' • - .

--,- -- - " •.• .... - .=_.o - .. ... "-
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Whi tbread

J ~(o) That w f.iople 00=41atIOn could
be foundj betejsia £Q &a the jard

Scale 1 (±1.40 for the more 6enaitiw I

Vlaso mos ottanding! resulte s) farj

iathat the nleatio nxratellonts and *-

cardits$$ Wim fre 1tMsE~ the foris of .-

W. .l f --
ag ';Ie~d On, tIm bass. u& I~ a" =mu I

~Ift* It is LAportant that*

4 test# of seo 4tIvvusso are Uner a"~1 L
W"I* ar4.tIqj_ aLIS4A ct 1=-

evaluti"l ~ of msohaianl his, at
R.R.D.&,, been restricoted to t~e
Itcagentl avd z'±fla bul-let' teats.

:1Q, it to ± pr~oalpse that siaUrt~
mealumms wil %*' oun wo both

the pro~jectile ad tho soalf M 1-0

tfrp' i0~st. The3 01'l t fhth

contain r. for szuagple, a obor~e 5.
U ~in the proportion of weldedi to

folded edzes has been fowd to tyniref-eita
L~ave a marked infl-uewoam t~ul refUlt~a t~ln~oe l-4i

A ja~t"ted s, hc~ inpigre4(dl, gown or%: ear. Icona, but
it Lh bol w~a. ande as in 7ig*.#4 (b) Uk.0 w .Aae -6Of Irls.on tfall

(b' rho temu xzo relatively in@Sewitiv0 tu the erAMiY Of theI
projeotilsp providad thaet thi exceed& sca min4.mmm value &a %If

jr a wel box -it uiforma thcknesa a 'wI~z4' Of Tar~ing thic!= 99
is fitted at the point of entry or the. lt t* ' remilts Ghwwni In
-ble ý awj o;Dta. wd. The s.Lght tr'-rease in ietha*11ty with +-,"A--

none ot ozýr uLrdovvs frokm 1/16 to * Anoh is not 3'91.4Ie'I &l~Y
Qq 0ýýr±ftoj'. ir, the a.ftple size (50 shots) usee-. Tba ~a=T dearease

at5/16 ~inch is s±igafic-eait and wouz:d area to indL.Ate that the

i- ý.As Ui.t minima energy,, ýIW gprc~biU7J of CXz,71O.)iorA 1 3 4rM

;;jI by the9 e4Lp-;0&V6 conta;Iner. if thq thiok)wase of the whIGkoL

IN

M, - _
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~iotess- (1) Thaw.. pew-jalliai' are piutty7-lile materials m&60 byj ~oativj a malt oxI'Isnt ... t, a Ulgh poI~mw bir~ero

content of the *ftea tram air$ -Iaterial isI ~about ~
(I)iah rotes of burning exr for 1000 p.s.i.g data in
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bo, in ve:. -ed andq not Jus %h aiq .1&ry hnteei

efec an~- thel -1thAty Li alm nlibe5

1 boxTh imva~4 inu &iot fut te energy of QA*,te the poetlei rve -is a. N

that r'daalve isqwotaaco. of mass aud velocity) has a ocons~detablao ftwt
on %ho lthality, Boz;4 'z y weld.&ýn 1/16 inabo~i ht otl.l o&-"
nlaLOA t2 3-iroh long aeotioz.. of 3J inok~as O.n. z 8 gaugge pip- w

Iq~:'-lb him -volocity frawanta aM rit..e bullets,, t., pwojeo.le
- ~.&Azizg axially through the box, The results wi ~ tkzj 1t~ nitrate are
* ~venin Table &Wa. it ean be seen that, comared with the 1.7 ýom*

-auXwi4 enorgyj vA t)hat the rifle bullet is (in this context) q'te

1 I2~Taa %=~Irg bezes with qcrzptz wirdAow, high-speed photop'apkq ofI
anycavitims producedI &howe" that,, where"s the rifle bulle*t wAs

a -- s~ tý throu&: the liquid. the bomib #SqV*" s.aw a laegs,
hez n:%horeal oavi~y& 11% was thought ha~t the blar-t pr.o'&a%-e troi
tho bom unad to drive the frngent was inflating the c.viaiy Vw~
the ianty hole,, Va.% artificially inoreasixng the sraewtand internal
proesure,, ani effect asouet in the case uL' the bullet. A isuber of
shots wui.o fired in whicoh bomb& without fragpents were used to attack
filled boxes with a pro.$ou437 made hale, in no case did initiation
*cow#, 4or was &My cavity formed,* It would eon, tborefore, that
the greater lotha7.117 of the maleor fra~unt. as or~ared. with the
bullets is a r~eal phenomeno aid not produced by tJhe .xperimaetel
coni tiona.

(a) It Is possible to observe a deli.y between the impact of Uhe
-'-4 .. t..'.2.jqt*-.4t axplcoaion. is ',-Ave been used in thiftI

(s.) vary7tzg the ccnef..Cioin, I
s4thAzek'y the burswlng td.'A #

(11.) hi~h speed cirozato- I - -

&gr~,# ard7" -

(iii) ob~orvati.zi of the l-.Iut
I ~~~evolved f~rom the bar~, by meSS- '

of a phot.uaatip"',-r coupledl to
XVi cathode roe, -ow.-I'llegraph.

I T~~~he t)-ird method gives Lzi--
sutc re suited to exact

, 31 w,.1 by the use vc a muwer of

* -. iritiarea o,' difforini AQth
4 w.*..latiLon of the cteley wit.n this

ýarwoter hr-s boon obsorvod.%Tw)1e 7 .74.5), s~a '.ae delay fou-4 to be

V~~~~~a JO:Ccii~-'.~
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J VWbLtbroftai

j ±nveru'tly prnrt).oz'&l trn !Q.

in view =1 t~i acr lxitjL vit.L AQ A'e bcth r.p' A~aa ProjeoctUA
teat8, i, s¶1 p~vari reeaonable9 to suppose that v- a~rp 4oai~ng not 1

wihiiitc itself 1-u with the~ g Fowl wt U a-0*gs 5bMUSrt
~~~i ~ & Utcna4tAt this prooeu.s is slatlar to ccb~aatton.

=WrrWGMrod.aton between il de.lay am. .. h in tte w4tY.

.-. .. ;rA '.- .

wt.i P a mo5'JZ64 Fele7 JA and± X ares coontantse

~ a ra e o..f ennra reloasc per unit area It io.iovs that

k/SQ is +1wthe f..r segiven quniyof energy to oe pro~wd.r%
I13nt u~rprsirq, t e -f)o h~t ti dlonoaev h

ar'oaraws of light. W'Aat is surLpr~ding ts the legth at the 4ly
(usp %n nsaazl4 ti'Z ooraseornmds) whinh cmn onlty reswehsise tb het
rate of rnargy prodtw tion in the early' stages mist be low, ", b7

The acttuAl observation in a series c'f rifle bullet tot~st is the.
-ProtabiU L7 of *xplouiono, as determined by the pr-pert&i'n of boxemI ±.c'xre 0'^ what might be termed the pr6.iaxy orwone*, (i.e., ahomL

by its paa.iai~ A.Loaun thz 2'nvi+ r1 e' .'" 'd p¶ I-;- vi., a~l^*4'!

ln'w~ef. tirte -- o~ecdsiAej~ the bawok pltd e-ra? iz the !:rstIW
1'", &M..~~c.4 z wtaera he AssyLi longer than ttus teei
Strozg i~ebi-rtv* W,#' . ar~.; that t~he ahance of explosioa Is not t1d
c.S4.cJ-s 41mtt 0Cz of h.&ae pro00011544 will ocour.l bu.t L,. rtether theI j,:ob"Ilty that a suukasquen pro.otsg .5 allowed) +A. ooxitnima Wi.- 4* g
in cerrtupz on. oucn a conc.Lusion tas uppiorted 0: uw relati ve
izien~aitiv..ty of thie tvits to the ouergy of ths projectile and byIther menriiesi to the nature of the conanbuaoti± of the box.

'Ph!'hi-,,,lataltyofa all fiat frag.met ap;ears anatox sbt

Is epa~ipaned later,

The most likely seqrionoo of evauts is that cam, or more, of tbe
jw1za.'p ;votes* siarts a cmbunU4-like rwautioa whiuki zzu

buidl.i up, to w. eplasion or is str~pped by the dispers&l of the

i*Lvam, vnd it is the variati"A in tho middle Ottatpi that produace tkw

Th@wayLa*14-hthe:-if!* bul!L. test cdpends for Its

Con.a'ienua.l WO



-- -fle a ~ .afs..sh4--bJ par -

discimi~tio oni~i di: Cerizrg rates
of e.z'releass Isa now. ra~n .

Oýj LUunI. Condider Fi±are 6 Ini whiob h
=ar r:! mm, 1;, ~m PlcOttad '.Aainst /I

ti=~ T. q ivan energyj rel4?=e
is on £~d this dia~im/1 '

&a a rvothrough tne origin. Vhre* 6
a~ mizg* vv--asDondiri to rateS R1 -

Pn 4141. I4Tt I a rint '4
QL~r~t). n most forms o: t~i tear,

&a~ ~ taoato'; o osiled); the-as

K~(Tartial) andl k (Detc-nation).
A. etake abtom of daitnito deui1nt

then tk4 bursting t.= uWMoL ths
o':'djtion. of the test w-11iarY In L

a sta ~sisoal. ma nr !between U ai'Cs

21AdT, !w for &A £"PlOsive
of -1W-Lu *111 be W`4ra-71d &Luce th* R1 anargj releas line
Ž'eaobA& 12 before T4, for k~ there will beo a statistical distx buttif
if 'PiArtlis'W and '.LVtOn~tiOUA',, and for R3 the prier admiht of UAW

A tie two oco-stants it th. e*rsswtcu D - A a K have a pl~ysioal

m.zizg. xf ;Q is ýnfinits, temrgy lie reol*emd at an %iatinte rate

A4 mod the tatrin~sio delay mant be coeo we &"., however, 3onsidering
zUl -r- A. 1% -1 ;-ma im i +e ni-.u~eriri -, UU'~t rohen uAdmg a a-s].~

wx L b oai o the light mozat gel. uut of t'Iie ier-e that

=;t appear in the -.= 11tea2f. %V rnpreantz %bin delAY &.1d will
roý,j fz -,11.l Tt -e OKOOcked by %W

U t~icz of an s2-11rfsrpez b6" .ar tmi usual Steel one, UAInga

+1ý3 :ifr~t-sioo gLs bzt teriz;tegrobsa erveafo delay was rr 11ft ist

K is mwh sore inter~stirig ths 46 If D - ia tirm ar1iQ a
rate of saarvy ralzass per w~t aroa, X =:t hALwe th- dianwivoe 'if]rww per unit area a~ rope en-C the ratto -.- the total owr

reV-iro t.0 &ati..ýy the arite..ion of a *ire (in this osse tbe lightI

4 liuid o~ rioosty zaitq1)5j.Lm atziegogvtk, rt in interesting to
notm t~hat mll the Uiquidio used +.o amT41oil Toble ? have &IA701'iTI

!4j vi~scoritiag (tlbaý, keonil# atrozgthm are u=nawuvm) arA it isl probable
N, T,,A~i. -; % ~ jcwr charge In via&s.5ity h~d been mACe the
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ieh Vi' oicis 4ue tod' the cavity vma &r'ya.ltee no an d t the '1.n

dela~y reduoed, bu- not aigidi-iicszrtly so Li a star~stical son"4.

!A~ =* ase uC Liin?
Testo tho um;at impatant

of a slow ;raua*_,4 = tage

"aC 4-&rd vaJlGs% &W
* - busn Lizi W4at a4sm--e at

low (54) At.) c~omwed with
the 9oures measured~ by- ..-

the Hopprdnon Pressews Bar .\

(?'.zthe 7.) It* wis 'ic'a.
7.) tIe ina~ ltfa.3.i(6)et

that tas prsamw. wcponenA WsM
will be so oon~ltent thatJtheo relative rea. .., Qf Spkic_.aa Pwesewo Bar Mowirem5rtis

*~,oeweg"±2. .aths &me

?ihu- 7, as they are at !42 atma.. The reaouton wiU be

15wpped in the gap test z.ot 3o muc~h by dispersal - as I1a tba
iooýmtj t5!t - sal-,Ti the tube ±6 often reowort,ea, Lttt 1i '" orset

gaitseeX!. ti-ae JkAYSLI .e 1- & rJ. 4ýre ikaL.kMc% .jpe.criu4 p:-u*.sAjyizr&,a4 J.'U .it zaai n~ga (*U*oeuAd ýX A is
Uizknr the raref'actions .ake lonper to anteir the erplc:;.ive), but 2-ý'' is ;=e4lan b. ~'y t.-i im,-aniSng :ro~w~e teI-3.1;l %1w &L.:OC

Z;2.I.dr. may be d4ivided ino . or loss pijrots 'olida ana kl__

ho6,?zm types rich as oordi'te. 7a t~he fo.-or, ui. area ,fit1

r-3aaoira;g su.fa;,o ±Aj lhr~Etjv detort.Lnoc by t-a 416-+,ruL1 structure
14 a ~.2..' ini this lsaitar, we have matoridse

whi,:h m.%y b,~ onsidered an 2iq:4id3 of oncwZauD visoo54tv and oor.-
widerable teriwale stren~gth. Tmgus will yield very msall &-actin~g

*areas (i.e., hilih values of 1) wid their l~trinsio delay. w~ill bis

i.e., tte probebility of exlloamo. is l-as.

7',-r- is no &~ triurl reasron w!ýy aliz 'Eopl and "roJectikle' -.
oho'U`k not conforu; to this sohi.;,ae, and acme oxpplato to ±s nommwy
for thau 'scale 1' -h~ulta. Ttthere. data P* .; cmmizwd (Table ?

4-41 4 4-_ virsu

-- 4~C -' - . , group -c oorrelataa. with AQ in t.-A~ av) t~i

PNoma
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T~afnnr as !o theg n~atrtalts tested by 'scale III', ± .. , there is a
re1l.t.±n ct the form:

M T values of the oon&twt. a amd b are, however, d4- tferent for tW
i~~zi ~ JPo it; ia toi-,gt that gwrcu A has failed to oorrel,Atb: 'A "-aoe It: cozAisto of materials which, In the ais* o. t"b•±ig used K• -- -_• •.- -- f- v•ii,£i t• p•te~~e 5 •e~eO,*1on.. Mce"-- •

'4 ~or'-twaonQflc a 'tire' Is that the tuzbe is ahatmelv~, the tool Is not
aironVcj~bilg to ounh materia2ls vblah are cmctalz U. give aaa
reaulz;a. B rofi=eroe to Table 2 it will be seten that the U13 ?1 0ve

4dw.¶.. Valwi.% for~re the &mr doneL'A &Wi this nd~oaG'M

MW ýA .4 a wbar.e the energy loome Or. to the lateral expwaao or
= t .cf±tAL± tube in the %--rton of the reaction esne aee highs Te

.reigcn for the fail.ure in the correlation in materials or high AQ

ftJ ~Important. Irt Is kmown that fcr gaops' in exoes,& of 50 cards an~. hs ~ & ea&~* ~i~3 5I5t 0
*'Scale 1 ttw pressue in the shook front is be2ow 1000 atl. (6)

r iN.q. 7). aW t-at une. these co.-itieus the .tenuaatioa Is no
Ze exLonn~f~tin or rep~oi1 (o (anuliari' at the eardbeard
sy~a)& f-i a. haoWvat,, 4 a nt the whole story s.noep It the

m:orTl--itLou has boe: :tees, then with Pt least two of the saturtale
ea oard va.uoe of lass than 50 ahmdd ta.lo esn obteaind. A probable

.I r*uon ,... *he fatiwt, Le that far material of high AQ the build.4
Of the reaotion fro ±±Iti6ton Is co rapid that it in not possible
to extinguish it by meoharoal dispt.oW,]. The liit for tic l
*, " 8 - a, aust ,a17 with the ,ystm and fr 3oale 1' speara
t- have been reaebod at AQ a 850 oalsdeeo.2o .

It i• oom-ILwed uiat therp id a o-n aaahalaal fo.* 'll
, n','"ion& in =a trsts described As s- (I ) I nittia m., f a
4.A-tii. (11) tncrease in rate of burning anW extent of oomustii:n
aufaoe, (LID a char~e to detonation If the burning lfaroe has a

t7-:-,!-, "..nedivi- +he loial speed of sound thus genr',tJAg a
5L'ock env*, It is with the pz'obabd~l~iq or the thiretto;,~e~
or, if t1£b does not :ccur, the virtual )Iv ,lestioa of the second bY
trA coal Uon it all the avalalble material, that we are concerned

ii ...n sensttiveness testing.

It. thin this general pattern ooccu two mods•l of tpmrastoa. It
the eccua1 a•Age is slow - baname uv a low rate of ht-'rn•g. ':o.r-'•r #ý-r t:oo 11-t'•e sur'reae available for ombstor. - then ii•. *13l1

1-eocoe Lmrortakit oonause, boing slow$ it will providO ft de1AW inIwhich it te ros:tble to "Init ou~t the fire.k If# boi'.var# tke
seond st..p is fta' tUan erfery initiation beomes a detonation me.

i~W we 'm'tst meseure rns c~mica of luitUstion.
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Whibrtad

N 't han been a-eon that our temst.4! ca~2 1lý =Gaaar the rate of
growth., :Loe., step (U4)$ but Q.at In &am ownes (**got explod.ves
Of b~zh !")? t z zht rnuaziar oha~e of inxitiaticta becau&se in the
toast ih avoun sto :La rat iP. .r,.t stio ýe-z -. " .. 7~-049 '

test provide the information requred for all explosives for ~wttoh3
me:harioal cnsiderations (such as the fat bure of large oardboard
gap*s) do not pir@alue I+,-, ".so? To anar this qusd-n we 3~
knw the orerating mechanism Ua the ezplo~aonat0 the II'Stial a]
c-harges wkaioh awe oaw primary cowern Tba enst".gat.on of thiLs
.4410 rot more ditfilaigt4 i a, 31 " re expensive Wa~ the
corerpnywt 4 )v work with ssli charges, wdn W? be prombi*..ve4 -oo
We have, bawyvevr, some izatormstioca it Is cartein that if delsUW
areno. iwjmw-vtat In a smal abarqe, fthy =a ... law so La a I
large OAGO. No-cms doucDol tbat If r~oglre&UazrM (on -cfwe owns)

is imitioted the.rz I& no way of stoupp.4g it; the dAmouitMv is Itat,4
even w~Lth less tweAti've explosive, If tUAW a*e in t~ tam. of a
large charge, ew. jitiatton mW Ueoam & dstoamtaa sUV3,y
becauwe tbA tranwit -*4-- of the swask move am' tba &tuv.mg rare-
faotion its so great that, without the aid of w SgUawbutp tbar is

IV 4 =PIe time for +l #growth$ &tUP.

We have little Infcarmtion to enablve use +* aeoi4 at Wbet miso
a partLoular explosive yfLU pass into this olass4, but it the
irportano. of 'obw tests as the 'gap' test to to be messed It wiLU
have to be obtained,

1,4 F, 'W.rng F Ches6Rw., 05 69-181, 1%9.9
2. R, Pape azA 9.G. Uhitbreav T eoh. Mm.o 21M/U/%

5. L.fP. Jones - 2*RD.Es ~'.wport 29,/~i.U
6. R. kape - i.R.D.R. Teon. Maw. 8/MZi..
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"LEAD AZI:DE P~RECIPITATED 'WITH PO(LTV7.NYL ALCO111OL 4

T. "'aynor Blake
0..in Mathieson4 (hemical Corporation

Donald E. $eegerI ~Picatinny Az'se.lal
Dover, New JerseyIRichard 11. Stua

1Nav~i Ordnance Laboratory

White Oak,, MarylandI introduction
Although the virtue$~ of lead azide as art initia-

ti~ng explosiva have luui~ been iuiuWLI. i4* unu sian uUWI
* somewhat 1.4mited by the hazards involved in uncoaitrolled
W crystallization. Accidental eXY1031ons which occurre-d In

e arly 'tuewer.e variously em.-levina in terms of
- I4rge erystal&O towin cryetale and for tmaLa vi th1.e be-t-..

PO L LymorPI-A. Pany materital. have been Used £ror the pury--,aeIof directing hhe fux'matior of the sta!'le alpha formt during .
the precipitation. 11he best ',..xown crystL 1 controlling
material, ' zdich is also ',he most uaed in the United States 3
i& do.:rtrin 01). T4,pical dextOritrated lead azide ce.it~ifl
betw~een 02 aind 95% leadi azide.I T7he British have uaaed a mvl ýrial termed
"Servie-e" 'Lead azide (~,characteriZed by a minimum lead
atzida 4ontent of approximately 97%. The crysta... control
of thi±s material la achieved without the use of an organic I
protective colloid. Due to i~ts higher purity, "Service"
lead azide wlil usudily o'ut-perform dextrtnated lead azide, it
but its handingi and stora&e charactee'is~ic3 are loes

desi rable.

During World War 11, in the loa&dln& of detona-
tors contain~ing Service L~ead Axide, some United States
inistia~tions experienc-ed p inobitiv~i-q- hira tes or



11AI
inadv'ertenit explosiona duri ng rthe pressing operationi3. ra
This led to attempts in the chEtemical labora~tories to modi- 3.0

~y ths i iss in' mr-dar ix, reduce the 4zridling, hazzards,
whled Azlide. in the desirable characteristics of =rvice

23One o'f the resulting lead azides Which seemied to
".-Ispe i.oved sensiltivity char&acterlottes was a sz&Aple pro- p
~liat'ed in the presence of polyvi.nyl alcohol (3),, hereln-

referred to az ?1A lead azide, and having a lead
Ma azitde conteŽnt somb what reduced from that or 8e*.vice Mead
to. Azide. 1his material,. however, was not approved for5avA ,NlIIli I 'I&g.~- to1 We%" A Wsar Ill. in114., tie

OVA Cr--soraorybegana investigationL of thte
poetie o this lead azide:, which led to the dizcovezy .

of some interesting characteristics. 7hese characteristics ;e.
Include low hygi-u~opt city, an ability to cccelerate to 1
maximum rate of detonatir'n in a shorter period or' time A(and column height), and a slight increase In the terminal :&
rate for the a -4.,e loading pressures.

Dextrinated Lead Azide Polyvinyl 1lcohol Lead L

(75Xý Azide 175X)

kPIOURE I

Exe rimezii al

During the development of the T196E'4 (M50r) Busefor Vze in 20 mm. emmurLtion, it beccou~e evideimt Lh,:L a. dmt- L'Qnzt-te'r nin*1 iis thiai th'e standard N29 detoz&aLjr (which. was icthtý smnallest available at that time) would be needed In eorder that the saftey requirements could be realized. The c
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4 10.aska, Sees _.r arad Stresau, SConif dential

S Paý,a available for the detonator, latir to be designated
the T32. was approxirrately- .145" in d!k.meter and .290" long.
It was required that this detonator be capable of Initiat-
Ing high order detonation W, an RDX booeter charge across
Sminimum air gap of .050".

At the outset of the development of the x32
detonator, the PA-100 and Standaxd Primer Mixtures, dex-
t tvinatad lead azide, tetryl, PETN atid 1'_"A were the W-1"

O_ e::.'osives standard fore- e in detonators. It soon becameSevideaL ihaL, "alrZ t."eac "=t c r i', Q&IZsthe o-.r4•: x~sv
erain was one made up of PA-i0O !uir ' Mixture, dextriated
lead azide and kDX. A sheliac coated giidlnz metal cup,
hand loaded wlth tnese expiusivaks pvduced a detonator that U
mi÷t tho requirementis set forth and functlvued satisfacto-
rily in fuzes. Howevor, since the critical weight toler-
ance- recuired on the claarges of explosive of this detona-
tor could not be held in mass production. the detonator
fai led to a-.:sL'y the need. 1n order that such a 3mall
detonator coul.d be mess 1ioduced, it was necessary to look
for more africient exp.,sive materials.

I n formation on the availability of new explosives U
and exploisive mixtures eigested two path@ of solution to
the p.-obleo. One involved the use of a more efficient
rrime,' mixtuze; the other the use of a more efficient lead
azide. This probleum was firnally resolved after exhaustiveI Inveetigation and subsequent adoptior of the NOL No. 130
Primer Mixture. It was found that as little as 5 Mg. Cf
this primer (compared with 25 mS. of PA-100 Prt'v-er Mixture)

40 ".T._,red t* Q nia3- dextrinatcd 1pali a•ide re31ably.
The quantity of primer mixture usod in th'• wtnator %as
therefore cut tu approximately one-half the amount origin-
ally used. The space made P-vailable was used by Increaa-I ng both the dextr!n-ted lead ,..;Ide charS6 and the RDX
charge. This detonator, designated originally as the T12•1
Detonator and finally standardized as the M47 Dotonotor has
been nu~ss produced with little difficulty.

I iring the Investigation of ':he second possibleoolution to -Wn, 4 3 problem, !everel new types of lead azlde
were. investigated. Among these was the Polyvinyl Alcohol
(rVA) lead azde. -f T32 Detonators loaded with this
lead azidc In place of the dtandard dextrinated lead azide
roved to lie far superior from a functioning point of 'iew.
Figure.- !I., III ,na JV snow reaultu of T: Detonator

shellac co'ted Slhding metal cups loaded with 30 Mg. ofPA-100 mixc~ure and the intermediate and hase charges as
noted. E&.n charge was consolidated at 10,000 p.s.i. As
noted, the space avail-..ole from the decrease in the lead
azide charge was rilled with base charge.
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,.7 q ' P'dent A.vi

an ' •i- -_ Hole " i -f-....-

"1070 30 50 50 0 .2P7 .248 .20 : •

i 5U 41 9u 0 .250•~~ ~. 5-IV5 0 5 ..

383 50 ; 13 .Ž23 .237 .201,

90 • 5o50 03 1 .223.81 .3
85 In. C0 03 17 .2207 .2520 .160

"-40 ea 5 2 5 - .218 2 # .7\•~~:. ;- !.,5 5, -%-t-

io 4 5C) 33 17 -2 -21 Vtc
40- 50 3 90 - OD

755 '.."

5 .. 1450 o 50 - -

100 8 5 0SO 0 .229 .248 .212
95 32 50 50 0 .233 .250 .214
90 -36 5 0 50 0 .233 .251 .233
85 40 50 50 0 .227 .252 .187
BC 449r 2 4 iz3 2.21 .242 .1 re

N 46 5 0 50 -4- ,

70 50A 50 0 50 - -

60550 50 0 50 - -

W`1 RDX #Te ato,,d Hc 1A) Ave . Max. Kin.

80 45 50 50 0 .258 .289 .233
.258 .6 .231"

r"70 150 50 0 .2t0 12M .237 I
69 54 50 50 0 26 .284 .237
60 57 50 0 :266 .294 3
55 00 50 49 1 26,i .366
S61 50 49 1 2 .293 .H12

62 50 49 i .466 .293 .I7F

Figure III

S.*:n-ilar testa were conductedi in a modifi•:tu "1
D, -•onator. In this case the ahellaL coated giriizg mwetal
cur.% ý;ac loaded with 13 rM. of~ NOL No. 130 Pr-Imer Mixuz1re4
lead azide and RDX as noted. Each charga was consolidated

A . 95 Conftdenti~al
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B.lai'e, !*eg~zr a~nd Stresau

Quantity Lead Di"s c

"PIN idO. 4.16 RD 4v,* d rHO #LO** Ave. 'Max. Min.

110 36 45 45 0 .212 .232 .177

RDX0 6 451 e 450 Lo* .ve7 .291 -ti3

f -- -^ #.1_ Ir ff

l5 7 45 0t o .218 .24o4 1.0

4o 7 5 4ý o .1•94 .o .2. 1

S 52 45 23 11 .l49 .214 .075
79 A42 4B 1 _6, .245 .081

70 56 45 0 45 - - -

70 60 45 45 0 .260 .308 .9 3I
60 62 45 45 0 .267 .291 .230

5* 64 45 45 0 .64 .Z8 .P06
50 b7 45 45 0 .263 .303 .206
115 70 45 45 0 .252 .290 .192

40 72 4cl 0 2 .0 2j

35 7 4 1 .2 .275 I1
30 764545 0 .236 .276 .19TN * Low order dctonaticn not included in hole size.

**Low order - n, hole in lead disc.

Figure IV

1= As can be seen from the data presented in Pig:' es3
I1, I1 and IV; PVA lead .,pide is twice as efficient ac an
intermediate charge for use it smaUl detonators as the
standard dextrinated lead azide.

t'rder Pr..o .t "Jacaistraw" one of the approaches
Sto the problem called for the design of a very smuaJ1 stab

tyre primer-detonator having great se:,itvtt.. l',•"
ulet.%ator waa to OCUpy a a-ace hving a drete- of 111511
and an overall height of I.401". Moreover, there was a
section at the base of the cylinder which had a diameter
nekad in to .090". This detonator was required to initi-
ate hIgh order detonation of an PMX-Hyiitrete (98-2) ±,adacross R .".j" a' Sap. because earlier fuze design wvr:-

on this task had oeen carried out with the M26 primer
which appeared to have almost the desired sensitivity, the
"I rst vff-rts were t.nwoird increasing the initiating abil-
ityf of the M26. It was very quickly found that neither
the sexns.ttvity nor twhe required init.ating ability coulo
be achie ved.

0.. _-,", 6 Conf ioertia..L
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nr~enrz'lBlake, Seevr and1 Stresa'i

%he successful appr-!.i:h was made as follows:
Using the cup described above and kioldirig the inlhIi'aLov&
-_=.t.int at a value considiered to be well above3 minimum,A
wa~ze ,,aae cftarge was progrersively raduced to determine the it

usmi~iumquantity *!i~ch would give the initlatinig power re- W
quid. n Order to eliminate the var'iables aunociated M a

wi1th sen~sitivity' and firinZ pin shape, the lead azide M de
charge was subjec~ted to tha sp:ýt of a osation of aafety
~uuniag Cus~e* Becau:; with the smal! quantitlsa of ex:plo-
5ive the degree of confinement provided by the test fixture I
was considered to be ex~tremeiey critical, i.LG was decidv.d -it
that measur~ements such as plate indentatior~ xhould be b
avoidvd and the test shots would be in fuze rotors which wk
in turn wviuld tire tne nor-iwial lead and the ability of tth4a of
lead to propagate to a booster would be d~etemned by hay- b
irg the lead shoot a small sample of Composition-C con- cc
tained in a wood block. Figure V, Drawing A-2 shows thistest. fixture.* Ittis proved to be a very ntoisy test azhd the awood blocks weilt, of course, completely Lemolished when a ýU high order deton*dtirjn was achieved. On the other hand,, it ar
eliminated any possib~llty of mi-Intoarpr~tatolci of results r
because the Composition-C,. In those cases where the detona-
tor was sub-marginal was merely scatteredt around and the

4t ~wood black was not destroyed. At Wh.P iMan three ba-ge
charge ma-terialai were under con~sideration,, tetryl,, PETK and PE
RDX, in the belief that small differ~noes in their senial-
ti.vity tn in'i4 ,t~im, snvtd bev~it ha ~i~fi.COnt 1-nI ~achieving a workcaile oaytem.-

H{aving detorm.-Yc1 the m u quantlt,; ol% ':ze 3
charge, this was held conatant and the minimum lratiating LaIcharges, both of dextrinated and WVA lead azide weredeltermined. in this ca4*e it was fou.nd that 103s than 30 meg. in
of PWA lead azide wou. Id initiate the bane charge high orderwhereas 55+ mg. of dextrinated azide were r .aulred. These
dat were plotted as % firet vs. base charge.

Next~ the iam quaiiAyt~ or priming necessary to l
inzUt4ate t"a led atisfazt~orily was detornmlkati huld..
ns' the azide and base charge constant, at a value above i

the minimumm previously d1etermined. it was found that ass Lt
* little as 5 mg. of NOL No. 130 would gi.ve relirble Initia- Ln
*tiori of the system. Thiv determination was made using the 6n

':33cilOiy -ftown in Figure VI,, Drawing A-3 wnich re-intro- U it
duca-d the problem of input energy now tnat initiator and
baseL charge had been remf~ved from the area or suspicion.g

Thie 100% firing valu~a for charge weight werer
thzi ca'lculated in terms of inches of column height in the i
detonator, and were plottea in ýexins or base charge vs.
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A Ra'.ake, Seeger and Stvf.tu

TA100% FTJNCTION1NG CURVES_

Base Charge Colubin zHeioght . PVA Axide Column Heigit

•1001
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: ~VARIATION OF INITIATOR ;S. •,ASE CHAR/(nES PFlI
1 nn(3 •¶JNcTTCNI:NC WHKN• TESTED AS IN SKE--TQI A-2

T• O%• POINTS WERE ESTABLISHED IN TEST .
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initiator in inches. This :.-;- the curves shZown in Figure gq

All o'f Lhe Vuu..~t-aly ui,% val-e --rco~m
he'.ght of' initlator and bas3e charge fall abovP the curves. C
The. nrea below the curves gives u.*v:el4.aole nantiorning. AI
study of the tolerann'es exper-lance.1 in p:oiuction 1cading
thien oermitted t~l splection oL a Poilnt above the curves
and yet within the total .Ier't~rn e.-i Lhe de~ortaLur whi-h
wculd permit the normiAL variable. Iii production (11 .e.,

foutside that ujerul area.3

The final loading reuc~mmncnied ror produu L.1un wtz;
base Charge$ Tetryl Eve% 1 LadA Azi"-12 .0400 0-rnas,
and 140L No. 130 Priming .015 grams, permitting considerable 1
3afaty margin, pp-centage -wise, on each charge., whereas the
volume available did niot perwat an acceptable design using ;
dextrinated lead azide.

Althcj,',;. not discussed above, it is interesting '
to note that a cond~iticn of dead pressing of tet-ryl waas
experienced in several. of' the experimental detonators in )
which the lead azidc- charge was mrarginal, such thatk a de-
crease In loadi~ng p ̀ ~u--zie from 95,000 P-s3i. to 15,000
p.s.1. causjed an otherwise identical dou1.gr to change from 1
100% failurou to 10C,% ni&. )rder detonations.

A number of fuze designa havc; been built around ir
lz ~~an electri:, doto*-nator of' about. the size and input- charact- 1

L;the Mk 124 Aa its name implies, th's i
it1em was not orl-inall Ages54ned a detonator, !4owever, 4
it ha3 been found t o funct;ion satisfactorily ds a detona- ie
tor under certain !~Ircumstances. Thesce circumstances are !
not Proval ant In all c_ "the propoood designs, so ttnat the
p r'hPm arose of prcducing a detona~tor of the seine di'aar:. d
slons but w-1th greater effective output. V¾ usxapeclienti
which wias suggestcd 'by S. Xolodny of the D'amond. O~rA~n~irr

tFuze Laboratories was Utat -of' 1c.serting " steel wait.4 -t
:3 ~~~the beginning of the explosli,, czolumn to increaaste cn o

w~s ha u))Rtiuttn o FA or ext~naed eadPzide.

Special detonators were fabricatad from ?Mc 124Ur::*tLrrer Parts. Th: deton&tors v~e4- divided In'u two g?'oups,
acsnflnra grou an n&%

tw': series, one w.,th dexitr.Lna~ed 'Lead azide and W-. o';.er .
'ihpolyvinyl alcoolicl leau azside, as int -T. ed4ate acrid
C .hcharges, Firurea VI11 and IX. All four sertes had

n ýharqC3 of na. of' Abnh series were l.oaded 3
t ni vae'ioua anmount3 s lead az Iie ana k's.T _-n the outputo! eacb.!e,-a obtained uaiing the dent tet.0
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'64 MG;; PEIN; -0,003psII 1'9 ii o iij 1 UIt

IGNITION CIIARCC
-% (S UGS mILLED UEXTPINAIEU

/AZ;0E 2000 PSI

4Ai

h1 0 4* 4 044. 44U

MINI

FigLuro VII11
21MC PVA; 10,000 PSI0.0I1 -cf !s

ELEC7,RICAL IN SULATOR

CoiP AND'CHgAqOC IG NITION CHARGE
(10 '45S RETN; 10.000 PSI) 15MG3 MILLIO PVA; 2000 PSI)

I _ 0.360-

F igur..? IX
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I ~~The results are p~o.*.ted .n Fi.ure X, nx ae
4 It will1 be noted that tv.e dAi.,&rInated lead azide, urncon-
4 ~~~fined, gavz- no me-asureable cultu 4~n~l lv e. I

t-hat with forty mi-,ligrai'is of lead azidle. 7he effafo.:~~
1P4 ~~the cor.fintiz dianc upon. *:he ;Bhc.rter colurnn.a of~ %ftxatn-"ed

laad azide is quite dramatic. In contr,.zt. tChe PVA lead
Z:d ec'~tr 1to'~lt the confinament were z.ore effect-~

ive than those with it*. Irn this case apparea~ly. the .9
principal effect :Mif trne steel waaner was that of dl~1plciag 3!

Other ?ropertlen

-I~ Ltwoc outsta.ndi~ng features of FVA lead azlrl
ýýafl the ability of ziull charges to initiate P.DX ve-r

efficiently and ',b) its p~re~jsure density relati.onaftip Is f
auch that a quantity (by weight) of PVA lead azide cart be
pressed into a smaller volume than the oir quantitV of
dextrinated 3:ad azide consolidated at the same pre~vauiv.-
In very small ietonators, this latter feature Is almost as
Important as the f'ormnr. The foll owing table shows the

LOW , -r, density relationship ot' cextrinaten and £'VA le-2
azide.

I~z-eue-D~riIt~elationah4p oi'
DeA~tArLLtd atnd W'A Lead Azides

Pr'essure or Corsolid~at.'cn. T)ICtI- iWF

LOCO -2,62 3.31j
6)0^- 2.38 3.51
9,oco 3.27 -1 ~
1,CQ ^.) 3.
15.000 3.14 3.ý'1
".0,000 3 .27 .3 ;
2=,000 3.30 3.5i4
30 ,00o 3.34 3.914

Figure XIj

The inareavd .-bllI f. of M lea i az>: as an a
.ini.tiating explosive does not show Un in thoa nwiti-I,r -4'
iarl cruplcd Inl the so-called "brisantue teat". 84x hodc

~ ±bot~h types ofL lead a~idte cru-shed an avorage
cI Prroxim~ately 25 grama 0:' sanct.I

Ath 4rd interestini: fozahira of PVA 1-44 a e -
!-hat it, is practicailly non-hygruscopic. The mnisturt, it

WMi
C ~ L
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picked up by a typical lot of 4extrinated lead azide in as eEA fol lows •

9'ocO"it of 'DO~tr.4nated !ga.d Azuide

% Increase in Weight of o1
Exposure Period Dextrinatad Lead Azide &c•sed X1

_ost9 R. H. at 30C

1 0.1
•:• •0.64

a I:
0.71

21.00
28 1 '05

120 1.17
Figure X11

By comparison FVA lead azide when exposed to 90%

R. H. and 21" C. picked up only 0.03% moishure beforeI coming to constant weight. It was found that moisture u
content of the lead azide used in the 1t'_2 Detontor was It
critical. When dextrinated lead azide containing more than .a 0.7% moi3ture was used, a large number of (low order) r
failures of the detonator was experiencad.

Results of stnbility test* indicate that FPA lead Vj

azide is a stable exp%.Laive. Laboratory tests U,;olvoing ISthe determination of weight lost and quantity of gas
evolved during prolonge(. heating show:

Loss in wt. on hcating at 100•' + 14C.# # Ave.ror, 8 hours. (in dupliu.tes),%. iTi:• 9 z;rve.

Quantity of gas evolved fre. at 1000C. at 12000.
1 gramn of snwmp!2 during 40 hre. MI UU41
(Vacuum etability tet),ML3

In additicn, results of firing tests on modified 4
T32 Dctonators containln3 PVA lead aside, as t•. initlat- i

g larg, urn ztora-%. at ~ "61 0C. a pcid o 01"2.
montlis inricAted that this explonive is etable 3nd -cm- 0!
patiole with the other ingredients which make up the det- I.e

At the prest 10n1 the Odrdance Cotrps will per- 1

miJ' the use of PVA load j.4Ac in explesiva craina only n n.

- 105 Cosafidential



C~flfB.d;-.t.L Sc,_er anid Stresau

where it Is niot faasible to use dextrinated lead azida.
The restricted use of PVA lead azide is attributed to the
prmsera.t of log or lath uhaped crystals having dime~nsionsI
ap izreat as .4 mm. Parinine t^ t-he serisi~tivity or lead
azide as a function of the crystal aize, Teanny L. Davi.4
btates that 11,1".e sensitivity of lead azicte to shock andU
friction increases rapidly as the size of the particle ln-
creases. Crystals 1 mm. in length are itable to explode
-!pntneQI.Lly becaiuse or int~ernial st-ranses wit~hisn them."(5

the lead azide to be used will contain no needle-.iikeI
cryIstals exceeding .1 mm. in length. Considerable amount
of work ha been coniducted to determine if the larger crya-

i.tal - found, in th~e Pvr 1 t0ý-44--'
* d~uly hazardous. To date no sdinffrn'-f;1Ve-renc~e between
*1-,.pact sensitivlty of the standard lead azide and PVA lead

azide has been round,except where abrasive is present.

Several references, one in a recent issue ui
hature (6*),, however,, state that the idea that large cry.-
tals of lead azide au.', always excessively sensitive to
mhock or fri'ictton has been widely received, but seems to
have little foundation,

Regarding the possible presence of the unstableI beta for-.. rryitals in WVA lead azide, X-ray diffraction
pattern- of both the dextrinated and PVA lead azide were
00tairncd. Examination of these patterns indlcpted that
they were identical.

?ini're XXII following preisents data& showing typi-
1 auijpact, stat, and hot wire sensilt1.Itles ftr W7A lead

a!d n et~ae lead

Vht?, 6rowth of detcrnatior . if most explosiv.,. In-

volves a peri'jd o: burning, followed by a low velc city
d-itoniari'. phase,, and finally stable detonation. The out-
standing "nrirning effioiencyl of le9ad azide among common
prlmaY7 explosivas is vandotthtedly reelated to the extrem2

r'apldl.ty w'ith which it undergoes this process. Vie burn-i*U inZ phase whick. is quite visible in streakc camera pho A.n-
grapha of incipient uetonaticn of most explosives is n~ot
generally observed in. lead azitde. (9)

* T;tIs b.-avior has inspirAd the idea that the
mechanism, cZ^ inLiation of le&Ar azide and excplosives which
behave Lilmliarly' i3 cditffrent :rr.m that c.f 4*other ewplosloves.
Garnrer ().op haa proposed a mechanism involvlrng a chain

"106 Conf 16ential,
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SadJacent moleculen in a period of ten to the minus 13
seo.onda lz :v, cin to sjv.%- a 3pherical wiave of reb~.-
tio. e-nich. ,iay develop into e-'plosion, He also zon- mI
ciwlie. that the probability oj' thi-3 event '.n normal initt-
atoing conditions is suffic:iently high to account Atoi; thM

Pligure XII! S- niii

PVA Lead PVA Lead Deztri- Dextri-
Azide Azide nated nated

NOL X-105 X-1-14 Azide Amide
Lab =;ale tln Sampl XE7a Lota 65

Type 3 tools
ý 5c KS t.) H 3" am. 55 ca.33m.5

17i
Tyi.o 12 tool2 *2c

(100 gm. wt.) 9 ar. 28 -- (0 '0 a. I
Ty.pe 12 tool*

(1 kS. wt. 3 am. 114 cm.(8) 8 cm.7ý'ýe 12 tools '(
2.5 kS. wt.) 2 cam. 10 om.(8) 4 cm.I. Me 3 fnols
k2~ g. wt.) 5 eta. 21 am.

As a component
of primer mix (7)

Ata a component of
a pr4mlnZ m:.A in 1.61 in. 2.25 In. ?.12 in. Ir

k 1021 primers

As a component of a
p',,m.ng mix in Mk 28 4.50 in. 14.63 in. Ir
detonators

As a component of a
p.r-,uiang mix in Mk 4 2.3 in. 3.42 in.
detonators

* •Hot wire 0.00027" dia. wire,6•!2e•'. 1288 erxs e3

Rot wire 0.0001" dia wire
"222 ergs 257 ergs .

~'I-, typ 12 'Lc.a t~ha ax.pi&,,viv is rlaced ut&vadppa

Confliden'.*ia
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in"tiatacr. o*' lead F.. nwi'eI nr~d fo'fe, i.111 have ex-I
* proe'ssedi the OJ'iniori ;th-t lead a-zidie may be lnltlatod b,., o
4tribochemical excitati -on. -The hot spot mzech~anism of' initi-I

ation, the broad applicability or which nas becn estaoaished !
by Bowden and various co-workers, ( 11, ii and (12) may
also apply to lead azide. Mhe rapid acceleraLion of' the I
action of' this material may be the result of' its high melt-
ing w)-in~t and m~e4hant.-ial strength, both oil which are co.~--
ducive to the f'crination of' hot spots.

Mhe transition from a less vi-Aoicousi reaction to
detonation depenas upon the acceleration of weaker ree'c-I,
tions and tis nMn1et d1'VA nM'ri1: nf nti'one shock waves.
In al) of these incipient reaction processes which have
beens proposed as peculiar to lead azide and similar explo-

21 sives as wail~. as the more common incipient burning, the
condl.Lion cC the surraseaa of' tlie graina and crystals IsU ~important. A coating of a foreign material catn serve as a
barrier to retard tho propagation of' burning or 'eIna re-
actl.ons or as a cushio.a and lubri'uant to reduce crystal-

A line stresses and inter**crv'ztaliine friction. The eff'ect
of an impuri ty u~or the pp~.nrates and acceleration

ofsuch reactions may be much greater than would be pre-
dicted on the basis of dilution, and may be expected to de-

PW pend strongly upon the nature of its distribution as well
as i~s prtPertlaj and concentration.

Each individual grain of' dextrinated lead azide is
an agglomerate of perhaps a mil.'.ion crystallites,, Figure 1,,
while eat'h par~ticle of PVA lead azide is an individual

,~.stdLusua-tiy severaij times as long as it i'i wid'e,
FigUrn 1. It is inconcelva-a~ ~.'hatk r L lai :zide co~a3d
be consolidated by i"'3ssure w,.thovt breaking many crysta.is
and exposing a large niumher of' -lean. surfp".es. Tocon-

solidation of dextrinated lead azide by redistr'ibution of
the crystallf."tes within a dextrin matrix would appearI
possible. The exiatenoe of clean surface5 of' explo Ave
could be Ivery conducive to the operdtion of so;w2 uf the
propagation processes menbioned above, and mighit help to
explain some of the differences in parr'ormawnee between dex-U

* ~trinated and PVA lead azide reported above.* Detonation
may be defina~ed Cs a aeJli propagating explosive reaction in

wtch the controlling mechanism whemeby energy t- trans-
mittea fr'om threcte shoo the pareamteru oflstable Ietona- I
c.0tea hvrro thereate thok the unaraetedu eoplsiabe idetona-
tion, iziclu~iing i's propagatinn velooity, are determined

~~q~ -:ýibum conditions at the end of the reaction zone,
in which the losses of material. exactly balance the influxI due to the propagation of' the wave into virgin explosive
acid t;ha 1nastic of ener"j extictly b~lannee the sim of the
thermal ani available cehm-ical cnprr, of t-he unreacted
material ovzrtalken. These zonditions are af'fected by the

1C~~ Confidenttal a
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,.e S• and str-.ar.•W •~:tmnh den t•ia2

e.... ni • thb ev,:gt that it affectq thA

geametry of thq reaction zonp and the consequent deviatlor 3 .
from one dirransional flow in thl region. 210 dee"n o01
most explosive componenta is 3uch thnat thtl dev.ation la or
qul.; i .-. ac •,..- - of detonation from a lower
rave to the 2tý)le rate :equires an increase in pr..ssure in
the rcaction zone, arid depends upon the rate of thig in-
.eease. In turn, iiicrease in. preastAre denends upon the ex-
ct•• X Atther thu material infiux, the cnirg• liberated by
thi reaetton, ov both over Lht- losses from the reaction 2
zone. The growth of detonation may be expected to be close- b
.ly dependent upu&& thA rAe*.o4in rete.

The surface burning model has been Ahown to ex.- 1.0
plain observable pnenomena assouixwL. viw the dato"natio4n :141
of solid exploalves. (II) Detonation of various explosives,, 4p
"inclut ':-i lead azide (14), has been observed where.%n the
prgo!agvtIon rate is so low that the temperature necessary
for rapid reaction is attainable only by concentrating the ti
heat of compression at "hot spots". Whether the hot 3pots Ot
rcoult from i,*rrcarystallin= friction or compressive heat- wei~ng of inters ttlal gasea, the presence of voids,*i a impor-.
tant in the foiuation of hoi spots. As the p:oentage of ta

Svoids is d~ecreased either by filline them with aunoU•
material or loading te e p rsenat higher density, ts it

strtacture becomes more rig•id and the shock pressure neces- /
sary to disrupt it becomes greater. Failure of the struct- e
ure, of course,, in necessary for either intercrMtallira a
friction or appreciable copresst'on of the gases. Thus, s
the propagat..on and acceleration of weak detonation is n
dirently related c, the proportion of voids In the material
tnrough which it is prcp.gating. (13)

Mu T"2 pr+,• id Peceleratlion ut detonation 1.n le d".ieei
rnav be ati'r,:'butabl,. ito the fact that under normal loading[ It

Scon,1tions, !o.idl.n• pieaSUres bebwieen ton and twenty tn'
th,,zanA plotnd_5 ner square inch, a charge usually co- a•-'"•

111eth"=. wn t pere.ent voida. In conside!,iag the affect
O_- organr1. imputif i-.. ,l!pn lead azide, the large density lei
diffezvnce must be kept in m!rid. The e.i;ht percent ".,, *1
weight of Impurities which .L, typical of dextrinaed lead ief
azide furnished under United States military soocifications ,f.
(1) wo,.Id amount to over twenty-seven percent by volume, ,
if -were all d_-trin, and would reduce the voidless %.e
dej:ityt to 3.7 vrams per cubic centimeter as compared with U
I • 8 fol; pure lotd azide. What might seem a :.,Ali weightp'ercent.te of organic impurities muy be exeatz.A c -e. a .0

n, naiderqble effect upon the rate at which stable detona, dIt,.n io approached in lead azide.
lbp tf-wv "vold" is ued her- in the cnuac of thl absence., liquid or solid material. The presence of ga~cs is,_ 10 course, necessary for one of the nitm ih•,aiaas , ...
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• •. ".lethe.,a the litl•ation and growth of stCable deto-nation in lead zdeis a process similar to but faster a

1.'an that in other ,xl•xlos'.vves or a t-niq.e pr.ccess, th~e tipe
and material eApended in the process can be expected to be
"influenced by Impurities, particularly -f the impurities
coat the particles of lead azide.

Meazurements of the Detonation Properties of-
PVA and Dextrinated Lead Azide I

"The veloQlttes ,)f both PVA lead azide and uextri-
arated lead azide were measured for columns 0.2 inches indiameter heavily con£izied in brass. Eaah velocit~y was •

measured over the second inch of a two inch long column.
The results are given tn Pigure XIV.

Pressure-Density-Velocity Relationship
" t•adn of Dextrinated and PVA Lead Azide*

SLoading Presur, PVA Dextri,4ated
p.s.i. Lead Azide Lead Azide

DensiM - De;o. Vol. Density !et. V;l?
cc. me M/6c.- MU. CC. rn/Sec.

,4,oo0 2.959 106o 2.6o 3800
16,0o0 4620 2.96 4130
32,0300
64,0oo 3 5 ýo 3.57 80

* Figure XIV

Note that for equivalent loadii pressures tle
detonation velocity of PVA lhaad azide is substantially
hit, he.r than that of dex-r.na':!d lead az•de, but that, for
quivalent denesLtioa tne dextrinated material detonatea at

a slightly higher velocity. An increased detonat'.cn vei-
__ oclty Por given density with t•k, addition of a d:.luent to a

an explosive may be expected where the decompo•ttion pro-
ducts of the diluent have lower aver'ge molecular weights
than those of the explosive. Some Investigators (15. have
observed ellghtly higher detonation velocities in Composi-
tion A than iti RDX for equAl denelties. In the manufact-
'Ire of detonators, the density is limited by the loading
pressure which can be used, 5u that the velocity at••.in-aebl w";& a given loading pr&cG au-, l'U of mor--a -. ig ce4fa
Since the shoci%. pressure associated with a detonation l!
nearly p•-portlonal to the product of the density and the
square o" the detonation velocity, the detonation pressure U
of PVA Lead azide which has been pressed at 16,000 p.s.i."ai about halt again ac l-ae as that of dext•_nat-.d lead
*TMfftýencen in values in Fig. X! and XIV are in line with '
variations !.n unpresacd density and loadinL components.

!• . .... -- , .. . ... .10 Curif ' dle nt ia l
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azide l~oaded at the saine pre!:ýure. This difference Is I
~tant a *-u iv L :s'' 10er, to account for all of. the

6iferece r;performance which has been 6oserve'd between b

Thle possible influence of ImTpuri~ties upon the rate
of growth of' detonation in lead azi~do has been aisc"ssed. U C

"12 P~n experime1nt whic.h w.-*A,, be considtired to be :vidence of' a le
d4 f.ervence be-tween the towo tvpe or iea aide involves ..

the measatrewint of functioning tim~es of' elactric detona-
t-a -f; % A^-- At rm~ wAYT*A made which were siV'IIII
Tr On~et that the flauh charge, that charge in direct U 4
;;;c~with t~re brid~l w~re, was dextrina'l.! )Anti azlide

in one clue "lid PVA lead ezid1e Jr " is Ot"61othr. AAMIII - -
nators were fired by the discharge of a 0.2 .td. condensor
chai-ged to various voltages.- The- functioning~ times w'ere
measur~ed *ýy mears of' the vacuums thermocouple timer.(16)
The results are aiven in Fixure XV. "

lhr~in!drmso Detorators

Flash Charge Material
____gVolzg Lead Azide Lead Azide

ko tag. (Mcrosecons (M =crose-5=5Hs)

40 14.0 - 8.0* 1.Z5 - 2.4*
1140 3-b - 3.12 1.45 - 1.9I: 2. - 3 - 1.75

Tn2.15 2- 2 12 - 1.7-3
1400 1.50 - 2.55 1.28 - 1.''

- 2.02 1 .38 - 1.50

$,:,;read of Ifou.r to e-ight measuraments .

Figure Mr

LI ~It will be not'ed that the detonators with "VA lead azideI
lunatiozn.~ more rapidly at each voltage and that tho Lv~: jh
trinated lead azide showed a. p4'ogreRalve decrease iit j>"no-

3 rinring t; e with increasing ,oltage whiile the ?'VA lead]azido changed hardly at all except at the lowest volt~age to
used. Taken by itself, this aata might be takear6 to indi- ;0
cate that the detonator's loaded with P7A lead azide were 19l
.much more sensitive. Measurementis of tho mininnum firing I f
ercerpy, however, fail to bear thia out. fthe anergy ro- S
qu-.red f-ir fifty percent firing of the detonaturs with the w
dextrinared lead azid:) flash chargea was found to be abou- f b
1300 ergs and that f'or the PVA lead aeldc 1400 er.4s. imi
cir*ference in energy requirement is not sataistically sig- 11
nificant. Note tftaL the energy used in the t4.me z~peri-
zw,!nte riaed from 1600 ergs up. The diti'ere3nce In the
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It growth of detonation in the 1W~o miserials. The measuredN

loutin ti mes for the PVA lead azide are quditc cloue
L to0 the time wh'chc a detonation raitght be expected to r'e-

cruire to traverse the distance between the bridge wire and
the probe used to detect functioning of the detonators.

*iextrir.ated l~ad =z4des Is obviously much more than can beI
accountWed for on the basis of the difference in their
stable detonation rates~.

If this time data art considered in conjunction
.with the outpiit data of Figure X# it h~comes quite appar-
ent tha aetnatimortnt difThenlck of an s iprvAeadn ain te an
dextrinated lead azide is in the rapidity with which they
lead azide results can t.; considered evidence th'~t this
material oujild up to *Lable detonation so rapidly thatA
little is to be gained by confinement of this kind.

4,J Conclusions
From the foregoing, it may be concluded that:

Dextrri~ated lead azida grows to detonation more slowly
* than "IVAA Ica" azide.

A significant quantity of explosive is expended
in this growth process. The explouive consumed in the
growtn of detonation is less effective in initiating th.q
subsequent charge than that whic'h d."tonates at the stable
rate. F~ur these reasons, and be%.aure it can be consoli-
dated at higher densities, 1171. lead azidt- in appreciably
more ef foCtive as Anr initiaL'ir, particularly where spa;.i
Is at a premium. I

*4" 112Confidential
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j ~MND-H~rEOL'fNMWC3 AND RkACTION KIM~ICS IN W-14E

cvin A. CnOk. Ararn S. P'i I or R,7hbi*.t 'T ~v
Pars .~tridge, andWye0 rebc

University of Utah

I E~xperimental velocity-diameter curves are precented for WI80/A
rmr-o, 145/30/25 HBZ-TNT-# It 75,125 flZ, v *sariou mixtures of AN-Al ran- Z-
ging frc pare aani~m niitraot to 60 percent AX, RDX,, and 95/5 RDfl-
boron. Velocity-das~;t7 rel&Lcione are presented for all excapt the

P, last two explosives. Wave shape vs. disauter neawrz2ments for the al-
uminized explosives are also aamariueG.

Results ishow that the Al rseas too rapid~r for -+-- to '-I- a a

in the AN-Al mixtuares. Ths faai4 IIar properties c f the high teep~watizre UIAl explos±ves are at,.ribuated to the thernodmnics of 14.1 r~ections in n
WIcnih th:;i. /AU.Q,( o) ratio is appret!:.ble i~n the dot-.ination was T
and rmgligible'au far &s the maxl.,ý av~..aluwrk uJogral A j- A-

44is concern-ad. The change of thl a Pat-1o from a high value In tho -!*to- 0E
nation wave to a low, one later -,a gives almx'inized explosives lowm
"b1-risat~cs" but high blatt potential. Prelimainary resu~lt"' ourgest. a

s imilar effect for boroi.

..fThe AN-Al mixtures were shronm to 1: ý r',n-ideal oyer the enti.re 3 tr
raigqofconditions studied. Reaction rates in these ndzu±.zrea derien! .

on the part~icle site of both the AN and th, -.1. Thew &eon to be run-

~ aZ. at a relatively low density around 1.0 to 1.2 &/cc.

Th sudesr~arzd n hi atil represent invstga

tin _______i-tre ehialrprwt IW3 o ispojc n-
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fiA t m P4&riego., Ursbnbs~ch,.• ~ ~ 0 acft danti-_

!.nc.-~rtr.Gr 6...-lete investigat.-*t-ne with 80/20 TNT-Al,. 45/30/25
FiUX-TNT-Al, and *75!25 ilflA togii..ar with various mixtures of aunius A
aitrato (AN) And alumiuxo rnging from zero to 40 .ercent Al.

Aluminizea explosives are characterized in general by rela.
tire'"- 'ow "brisance" but high (u-derwater, opena air and uderground),
bla. ýstential. The low relative "brisance" of alumi-lzsd er,,losivii i

1 3has been attributed in the past to ineomplite reaction ,f Al at the
C-4 plane &nd the high blast potential to after burnisig of aluminm=u.4 Early shaped char g e studies with torpex snd other aluminized es-•losives

S4..-Ai. o..f h* - .. . , inea variation of hole vo e -

'i uniform targets with detonation pressure ir charges of con-§
atar.• geemetry and conatast cones us.ng C-i-M-0 explosivese fr deft- B e
nation preseures could be cmputed unablp-iauly,(0) indicated that t
aluminum acted effectively as a d-ilunt as far as shaped charges are is-4 -tne.^md. More careful studies of this nature carr.ed out in this +
laboratory siowed, however, that t.a effective (or ,mensured') detona- d
tion preassurec in some aluminized exploslves were evnn considerably a

lower than one can account for by mere dilution with an inert additive. id
Moreover, extensive velocity-diameter studies showed that aluniam re- LU
aots very rapidlj .a tritonal and HBX, diameter effects di3appearing )&
in relatively small dirAeters. These resuts described below bought
out that an explanation of the behavior of aliu=i in tritonal and L
HBX was to be found not In the kinetics of reaction of aluminm but in
the therdynamics of alumnus reactions.

A <reful stud of the thermodynalnee of various aluminium
products was therefo-' carried out and reiuts showed that the possible p
detonation products of alumnium in C-H-O explosives, were AlO(g),
AlO(g) and A1203 (c), (4 - 940 1 - condensed). Ap a*2mate constant&"•.?v ,-•-aptad •:i7oau sftatitt~al c.uc from whiarh the distribution

of aluai•am in these bre,, n-oaduts couj.-, oe computed appro z•4: ,c by .
inciudin; these equilibriu constats alor.g wtth others applieobl.o in
C-H-N-O explcsives in t.a €omputztion of tie A-,sru,-hjydrod.••miCe of '.€
aluminized ex-losives. An2 L.3 apparm.tly -- At i in the vapor V1
pase. (L"Ler aomputations shoved that A1O is also unimportant at -

least at low oxygen balance.) The results of the th roo-hydrodnanicYi
C-2i.4 ionu incorporating theso. squiltbrium constants for tr;n.,,al
an, aI were very enlightening; ths3! showed that the ratio Alý0kg,; -

A120:(:) was large at low densities &ad did r.it reach zero even at the
m possible densities. Moreaoer, by rt.2-rence to the epirical r.
(univeusal) a(v) curve, it became evidev, that the velocity-density Ia

curves of TNT-Al and RDX-TNT-A1 mixtures should not be linear as in s
-orml C'1-N-O explosives but should show considerabla oirvature. This e.

t:-,r vzri-01:d1-j- r *c I W," i . U1 vs. a tyAJ.. p,1 2jum e ure au

.4Zn tisee, sxa.sives Thc results of these studies therefozt appeared It
to Give a satisfactory explanation of the characteristic behavior of a?
tho sluminized exp3osives HSX and tritonal, presented later in the tt
dio.assion.

i'm It was expected that the situation woull be somewhat differ- di
ant in oxplc-ive;% cf h1gher zzygen balance. To study the .Iuminum.
3CQof4 der 4 St
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I j ~ reactions in dctonation at high oxygsý bal.4.nces tberefore -various AN-Al
mIxtu~res were studied. Ikherzo-hyurodynamý,e calculations in this case4showed that the ratio Al2O(g)/Al 293 (c) should be negli,&itle up to 1.5
percent A!L, owx.ng to :b~e relatively lowv tomperaturs o aii...e inIuiwi.
While *'t was ax~wcted that A10 would become impurL~ant, contrary t* ox-

-. ct )ne c~alcul.ak..- ratio AOg/lO()prc_'ed rV&,l4,&ible Oyon ata
the h:e~hest oxygen balance$ studied. However, this result remains un.-
oertain *.`nee the c~al-mlated equilibrium constants' may not ba e'tttic- -

io.ut].. reliabl~e to insuire the accwracy iuf triia concli~ion. Whi~le the
rate or reAction of Al in tritonAl wxnd HBX war reJlativei7 high,, it was
rsld~ively slIvw in Lho ANi-A! !nosru. aed, the properties of i-fl@5@
mixJtures were found to depend critically on t.he rates of reactioni of '
both All and AL. Sample thermo-hydrodynamic calculatilons, for the above
three series of explosives are givan in Table 1.

Wh'ile Al has grtat practical importenee, other metelsar
Al Pto of ounsiderable intere.+ in wqxposive's. Studites of metallized

explosives being carried out at the present, tiiwe thus have as their
objeocti~ve the elucidati~on of the behavior of these metals alao. Tz
date only prei~minary stildles of boron in RDI have been carried out
and are sumurized hiere.

'rhoe xperimental resu.lts obtained in the above studies are
usumarized in th~is article together with a discussion of the behaviir

of alumirmaa &nd boron In the explosives studisd, Tn addit'io to the
velocaity-diameter %(D(d)) and lrelocity-density (D~fpl)) studies ca~rried

out in connection with determinations of the reac~ion rates and tbermo-
hydro4ynamic -f' U4 aa:"iaized explos-lvas, iextensiva measuz'efllae

AF. 4wave ahapa were al~so carriedt out. a"es results are also suairi$eiZd

2j 'AC a for TrtM1a d M A

Velocity-dia, oter studies of cast and loose-packs 90S/20

"a4-A!, cart. 715/25 HBX, And loose-packed 45/.'0/25 RDX-TN'X-Al are pra- I
senited in Fig. 1. Velocities were meassured in these andl other --anso

*dese here by pin odcilthgraphi (5) and iobating =Lrror camera
methude. (6) The chargco all had a lang~h/diseeter (L/d) ratio of six Al
or *iiore. They we're coritainod in thin-walled (la..rger disaeters) or
Plastic tubes (6i-llest diiamneters). Densities were measured in sea-

oIz tfCie '.~aat chardeet hy qat-ionding thema. They were fouud "o show

ever, t:: twý. Perc"'-t or lads. Tne loose-pAcked charges were vibr.aL-oc
tor donsit.- uniformity, care being taken to avoid segregation by ox- I
coolqive ribrat ion. Zensities were ictermited in all cases by totl

t/c.1valuma. 'wamtremertz,. Velocities were corrected to an
average density in ea~i case by appropriate D%(Pj, re-latic.-Ps.I

. L IQ confidentia~l-
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aNO 3ystJoflrtjC I~.1uMin.r,ýn rlrticl6 size or diAmeter efiects were
I~mer at %U~ejutern 2evis than~ 5 em. in fact in t4-a Lt cril'3 rn defi-

est diametcrs _,tZud~ied. Thes3e results ohow clearlj t~hat to~ie re~actiona
Srate o? l' uu is not a liMitin, &faIt,:r ii, t~li 'Lo.114 of trite -alj ~ ~ ad o(BE.

:1 ~Of Part`.culor interest are the following roiparions: I
-- 1.75 60

90 T1.00 40
80/ u -A1 1.00 3840

45/'30, ;,S HUx-TNT-Al 1.177 720D
6o/40 RD2X-TWI 1.0oo (5650)*

of145/30/25 RUjZ-TNT-Salt 1.15 (5400)*
451:30/25 SDI-TNT-A1 1.15 4600

*By liaiar " 1AwevlLlou of rewflte for~ TiI-sajt am~ itDx-salt iniztures.
These remalt3s how trAt aluni~m lowetrs the velocity of TNTj, 60/403
RflX-TWT and comuposition B more than salt which acts (if not as a purediluent) an a slightly he~at absorbing solid. Clearly, therefore, alu-min=mim 52 have a stoz~gl midotheranic effect ast the C-4 plane. Thisifoull be the result if 4170(gý wt~ze to fori 5.n tppreeiabl^. *'noutts.
Eput if A420'(c) were to ~cthe 3ole C.-w-IrAn Prodt-.t. the lrJ.: A. 

A...W..SV.6 L.641 7 .-Pi94 aflQ mitr* --ahaekLi.appreciably h~igher %'*von at +he same de.:i~ty) oh&As the velocity in the
corresponding explosives wic-out auim

Th., effectively eindothermic react ion of J.. ira the detnns .ý--
iave "ay be soten also in the fo3Low~rk-. realaltz detonatIon pt:. !.-'remeavarnients by the shaped charge rae+hod.(S)

Explosive Pi P2(sta X 1-)

TNT 1.59 150
M80/20 TNT.al 1.68 UO

am TNT 0.2304I

Thua thc actu;& ztnation r. nu~ of ~ 3rro,_- 8
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than In. TNT and compoitio B even though :2 densitieseof the former
sipl.eu.vee w-,i 6 to 8 persent. high"4r ( M - 0-6 24' 1 /X The den-
z..ty increa3e wUS Wt. eS.ugh excePt in t6e low density T74 .!.,, howev.er,
r;o mAice rio Cre the! encl¶otrrmic F,4ct~iol.MU

D(pl) Curves fcr Tritonal and HB

Thi.m-hydrodyuuaiO oal.ulations for tritonal and HIX ntiing
a linewr D(p1 ) curve and the new Al-disribution eqUlibrium anstants.•.! in the inverse solution not.hoa (9) gave Inconeistswt results. (T!"4.•-

'46~LUVO 0 U1% uW uru &.09 JLSarz anG ton" 91MA4m*1e cskv) MVwTO ti~eto can.-
wis±dtraW from the 'uniyvr•el' rw.(O)j These rea.s sunqeeated, MM

t~ierei r a-ý thn' ie U(P.,) c~wv* should not be linear. Measurements of S
S the D(Pi) cunv.e for peiseed 80/20 TUT-Al in 8.5 am (L/d - 6) chargese
and for 45/3/25 RDZ-TNT-Al at d - 5.2 an aM L/ > 6 were rirefera
carried out. Thcao diameters wore chosen to inswe iaeal detonatio:n.
The results are shown in ?1.!! 2. The L(w) curves :alvaatoed using thm
Observed D(p1) eurves were In mch better agremuet with the 'univer-
sal , curve an the calculated pressures were also in moch better agroei-
mont with the observed on-s. There reained a discrepancy in the at(v)
uue Cor tritonal, altho~lh the calciated ;resew** were in good L

acreament with the observed ones in t*his cse. For O-X the computed
a,(v) curva was in exo lent agreement with the fuaiversal' curve, but
the calculated pressure at high density was still about 25 percent too
h4. He-r.., t!,"Ia d"icrepoUwy was of hi,41aw u o ,, ,aiogiltud' aao-

elated with the limits of uncertainty in the equailibriu constants
determining the Ale.2 (g)/A1 230q(c) ratio.

) ivos for AN-Al XLx=uMs
L.--e.k1-W;l D(d) ad D vs. Paroeu5A Al (constont d) data for

AN-Al mixtures varying in compos t!-n fr-om 100/0 .o 70/30 are mhown in
V1. I *"d h" ':%4.f,,wsa Ali 4 .4. - _-IaSo indice.- .,

s ome ;Z the results shown in Fl.. 5 for 8 to 20 percent Al. AddltiorAl
data showing Al particle size effL.uis are given In Tables 11 and III.
Zie AN-4! miturss were &al non-ideal, at velocities far below the ideal
Sslocities in al. as"& irrespective of the particle size of either the
AN or Al. Ho ute0;e~pt was raod to correct. velecities for mall density
fl•ctuationa owring to the arolcus D(pI) rejations noted in Fig. 3.

Foar suple, the velocity was in genas.r considerably lower on the high
density side than on the low dunsity side. Proviout' unpublished stu-
dies hav. 6 Wiiown ti-st this is a cnaractoristic of fuel or combustible
sensitized AN axplosives at D/i* considerably letis than unity.

.i order to show the anomalous density effect unambiguously, A
D(p1 ) :ec, _€m,:,ue -', carried out with the 90/10 AN-Al mixture u2..rA,

0% .,. .- &~'* un~icreened Al z..v ;,jj ii~hu Thoe* results are
ehowc, in T•,b,.e V-. in the first series using a fine AN product (sampl,,
I*, TUo IVJ, the DC" ) curve was found to go thraugh a maximam .mzo
:4ere between a d n.- .7y if l..09 aned !.:aa. Th.-ae me c.:r ". . q et r-

"mated abctr. thres weeks later u-tng tho sase lot of AN. Lovverer,
clearly ttie samsple had changed durtiig the three wr.-k. i..te;vval, as

lift Uold0Itial
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.. - -A +h e.~~ vela h#2 9!;0 ir/eth~ .l*O n c1war #it pl 1, 25thna
a, 1.12. Pessing Alleo theA oaeuhat,,ec the rum Dp

eff. o,-L-4qid be evnm reporounaed than inidicated tr the"me o;;n(AN samples 1 an. 2, TatI., V). Tu 3how the ,.-va U0)0 effect. one 3
erould uase constant particle sisz. To srecowplie e 0oI•9, several shote

aere made in~ which the pressed charges were compared witt 1.oo3e-pacWs
-4. made by firsL, kansi. g tho AN to the dc=ity of the coresporin g

presaed h-age crtOý ie tm ixtreand loose packting It in chargs
of the *a* disaeter amd laqtth. Three oowarieons of this amrt awe

___t~wn in Table IV (Ali usaplue 3, 4., 9M4 5) wnt that the low dositay d
-procuct showed a isige" t"han the hig,.r desit.y on& and the

---s•&inr.aaed with the denn.ety dirfference. Those results show
tha.t the D(pi) curve for 90/10 AN-Al with fine An and Mine Al exbibits
a -:-uxi at sone value of d3n=ity below -. 25. Astber a .e-
ily re•.•odcible example of the anomalous D(pl) effect in AN xpaaelivos
i-' "hown in TaULU rt for % &50/10 AN-=T =Lur eairl lqui MARL A
fire AN. Aa•an the *,( curve t shown to go thraUi a maxiam inU

this aca' r-sar P- ,. I /o

"m ~ANl iztizres we comaplicated. n-ideal emlosives; be-
sideos the &mmalous X(p1 ) relaticns. particle vise eoffeea ma be ob-
se"w not ony In A! bit also In A. The A.1 rpatiole sse m rA

to -v7 moe than the =mu ý.wsed by crystal grwth in the
AN and the ability to reprodmcp particle size in AN froma me lot to
another. As a result, no definite particle sizse effects of AN were

Snoted. To show that the AN particle s~se also iefemoes veoci in In
these mit.u~res thi,'eftre, two shots were made in XLO a dasmeter
cha.-a ua.in a uwh coarser AN •o•dact and the si grade of alunmim"
as in the comp-rative ssa.mmlos. The roe-uta (.LI smaple 6 1im Table IT)
showed an average velocity about 1iOO •i•"e• lower than 'r the finer

7ý1• 12gra.ft AN ahargea of the 6me e•intr and Al particle size.

D(d) O=ns for RUDX and 2f5 15 RnfT-fnrro

A prel!inzaiar (partial) D(dl) curve for lepb~9/
"••D-b, an i covtrre4d with the D(.d) crve for RLT In Pig. 5..*k1'Xl
used in both cases was 65 to 100 °a.%.The brozn was a .rpl.e ofU qality still to be determined. These rer•lts art am ye too meager
to a3eow rel able conclusions to be made, but they indicate that the
re•cation at the C-J plane for borou as for alusinn ny also be an en-
itherzic one relative to the products off oltAou of RUA. Noae,

....- Pl. , that the re-et.••n rate of RtiX same to be s•dn4arably ir
:,ct Jrded 1-3 the mLixture indicating a considerablo drop In detonation in
t.f-merature. For dia.'taters above I om, RDZ a&pars to esto&.• wmith a.
ial veloeity (D/,t - 1.0). &imewr'r, the results for the 95/5 RD•-'
mtx,,ure showed D still to he ir•areo g even At d - 7.5 m. At 4 1.31

t,: i--i!eit.- or the mixture was about 10 percent flwer th4n for pae
S•• &nd at d M7.5 o It was about $ percent, lover. it B u*e a p;e
dih\ent, the ra'.i3 of the De s !ror t•te tvo exploit.vee wd Im abrAt,

+i U/
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Aft.m ~imxin,.nb effort to robtain Ij~ant~itatiye W&Ve sh-pe
rcs'•:s 14 cast. tritonal and HBM, studies vere disc:,,stirmcd owir to
the very errtic reaults obtained. The amse of these irreprodacible
"rt.ults was not only the difficulties inherent in casting such imx-I
tures, but a~lso a tendoncy toward segregation of the auirma causing
it ,o ¢�c 1c-r the :harge axis enough to attenaate the umve at
t~hts poe'tion more than toward the sides. Apparently relatively sli••tS~~sear~eiation o.f th13 sort 13 ejutz'c-ent, to flt en nd8n inviort the

wave £rs its nOy"*] value for an homogeneous c"harge. The efrec-. az
21• Al segregation i1 =mch more ronounced than density fluctuations along

*__ he t-i-ree e:~,1 w'hirch ^-1 m tandra to flatten or dist~ort. Lbe I'av
in the loose-packad and pressed charges of 80/20 TNrT-Al and

45/30/2, uLX-1z-rX , the wave ahapue shmwed nom.&a reprmotcbllty 1 d A3
normal curvature. The w,,vea .ire wrerical in share and towvd it con-

;ý -. eal -sv -ti vale-Dis Rm larges Zw. v.aiua zt' .id obt-L!d 1W
for the loose-packed mixtures of TNT-Al and RDX-TNT-Al with two grades
of A-l (-.325 meLand 6. e 1.0 m-3sh) ar6 plo~ted againht aia'mntr In
M'g. 6. DAJd vs. 93, curves for pressed 00/20 THT-Al and 45/30/25
RD.X-TNT-A.•_ obained at. d a 8.5 m and d - 5.2 cm, resaectively, are

swam -u, %/~u.6 Rd increased for TNT-Al from 1.45 at P a 1.0 to
2.5 at P. a .56 at which d^nsit7 the Rm/d vs. p curve tE had a
faifrl ;p elopo. In the RMD-WT-A.l mxture,- However, R/d inerased
Arom 1.95 at p - 1.10 to the li'dting v,-ue of %bout 4.0 at p, " 1.48.
This mixture soved no f•rther increase an 96/d with ddaity as the
wave increase frm p - 1•49 to 1.57, the averago limiting value of
% /,i beting3..ra

"Wave shape data #,'O-ta-i for the at.-A1 mixtmrev are given In
Table V. T•.ey show Pl/d to be • et to the r-A'ttively namrw rargco
between 0.9 and 1.7 in +,%e diametors st•died,

MSWSSION OF RESULTS

Temperaaree -ir .-reores c.t -. he C-4 plane for low denaity
TNT--A1 aod MIM-TNT-A1 mixtures are such that the chief ProduAt of al- "
,•. um Ia iS A12 0(g). This forms endotheruicell -•4th respect to the pro-
ducts of detonation of those explosives and as a resalt the Intensit•y
A pid 1;:cr.caa of presmse than temperatue with de4alty, howsever, the

.Vat.So A1-0(g)!,•(c) decreases with defsity bit reains appre atblewenat 4ne aaXii deUSI. As a result the influence of the .•oir

exotheraL.c product A 1201(O) never is sftIfiel a&. in tritonal and 1WX tv
overeome the andothermz effect of Al.0(g) at the C-J dane. The det'-
nation velocitios and detonation presitumes (and "brisance" ) of these
hi1n ;,isuperature aliminized explosives are thus always lower than those a_ o r the corresponding ez &ohiwcu without alumiz= aoTn. at the .uwd.'.m
id.riaties, r";pite a 6 to 8 percent higher dewity for the b. a sa

S20 Corr~idL i al
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The rat--,) A Q0(g)./Al20- fal.Us tQft4o at autrvbeo
abu 35iXI1~ @t the 'apoia 7csrO"p'j of the hiiA donsity sau- t
mixkLt2.d exslc'sires or t)elow abouat 3Q0W;ýl at'very low prstirt.ee. This
efftit ifil1, tAherefore, cause the teperature to bt buffered at. a value
between 3000 and 350001 duriung adiabatic expazasisr. Theam&" iaLLM1
able encr~y or total blast potenitial is determined by the Integral.1

A-flU wr 4 iniu~ (1)sono hepot &o

-tr~swofWN a+. n 1tiisng I Wom r e1oJ.405

alsathe rcesiotana Ihz low scthtA/Q- .1 to 0.29, but, nudr

gruA w- undervater A/Q "-'0. a W 1.0 depaiklra on the 0zplosiors. In

(c ntemperature will tend to increaije Q and A in Lluainizd V44
svsapproaching as far as maxim~m avallablig energy is conx~eared,, theb

-~high valua corretp"iidin to zero in3 this ratio. Only whiere v4 to e~.?
fectively only allgk~tU. greater than T3, as tu n ap~lica*.ions reapiring e
high brisince (e.g., "ipe4 charge sibeowns iraluding Imulieload- il
ing of targets,, cavity effect,, etc. will the high Al 'ngI00
ratios appliza'u* la the way frior~t of doLonation be amI
than V9t4ratio should be effectiVely aero. The 1hcn~mo of

the (c123) ratio Lhus appars to give a complete qtalitative
evelantin o th bhavorof the imnportant high tempeswture., slumi-

nized' explosives. (Qaantitativ% oonpatalion should be possible for an
P.izui'r bat of coi~ins

The situation is, somewhat dLr'.tOAaeia Af-.A1mixtures. Lu s
the first placa these mJn±ures have low enough detonation pressures wd le
sufficient wwgen at Al. < Id pwes:t t1.44 the Al g)A20(c ratio 3
4-3 pratially zero in this range. At X pero Al here the expla- .hb
si-,7 is approxiduatly oqen, bel'cacod, th~is ratio is still quits low d
=.A q for detonation oonixitions is a maxlnum "at r1 #5 kcal/kg) since

th aio A120(g)/A3. 20, 'a) increase'.. rapidly '" 41 is fuwtber 4"ressea

tuewtrg to the rapidly incereasing tomrwAature. However, A (in urk Va.a t cussea where v4is sffectively xu~h greater than v ) should onmeto 30.
Ufterease with percent &s.iuima in the AN-Al aizcLorls, perhapa to an 4high as 3i5 V.4 40 r'*reaet Al. "Mo AM-Al explosives in this cowroisition

range should thus be very powerful ones Zor underwater, aizblastp Wfi± l
_....g_4nd so. 1 whilei tboy should develop %~.ft~a~imd pro@-

*,srnz the-tx peak pre-ssree under all ci~rcumstances should ibs v~ery low,
part.ictxlarj in small. sites where t~he D/Dx catlwis t low.

Finally. let us consider briefly t~he kcinetics of t~he reac-
tMiwofA-Al an NETmxue ndetonation. In Previou~s studies a
~~ a~lci~.es, includiaig kwh jAwa exploaives ami =Lxtu3ress

thr. aurfac* burn-Ina- (two-thlrfs order) rate Isw described by jig
1i1 Coof id OULtL0f
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a.t(12) was fuud to apply. The explosive mixtures studied, however, V:
were of a t7.,e in which t.fl bmperatirtr Z,,-ý.rated by the r-Raction ot at At

WN least one of the inr~dlonte alone without t1ix.ng would raiza the I -iý-
perature in the product s to near or even above the fina eulilibriuk

=29 temprrature after thermodyimic equilibrium of the products. In AN-Al 2 1
RM mixtures, however, the temperature attained by reaction of A' alon"cannot execeed about 17000K,, whereas that for the complete rl-ure rivenso

uct higahar. Hance mass transfer and possibly heat tramefer are uch
momr Imnortant factrse in theqie mixtures than in a mixture such aaINT-A. The latter temperature in the gaseous phase will al'ways be in

•i the neighborhood of the f'inal t-m~eraturn, but t.hli 1.s by rno meaus true Ufa

Z in the mixture. T other possible limiting factors besides, hc.et, trans- .n,4 I.oar.n .hi conde)nsed lrhasea thus arise. The limiti n factor deter-
--..vrl ' r 6 1Y.-AI in t-ren mý.h"t be aii (..1 za5 t

Sin the gas ph•ae or (2) heat transfer in the Can. rhame,

e i n the P S'Vmrue eamples staudied theose processes are appar-.ently unimprtant and the razt. of' reaction is limited by the upper

limit of tenperature and reaction rate In the eolid (the E4rng pro-
cess). However, in AN-Al mixur'e apparent1y the gas4ous phase is
effectively not in euwi1T,,tum,, and factor (1),(2) or both thus limit
tho rate of reaction, The fact thhat the rate decreases rapidly with
Sd•,LA l.&icatea that the 1i,-.4c4 4ccvr is mass ,ransfer. (Diffa-
eion falls rapidly with Lareaaing density or pressure in the vapor

uhase, b0ut tLarAl conductivity does mot.) This situation corresponds 8
appr ox.vm.tely t th.t occurriux in granular "low" explosiveS Such as
black powder in which th, burinS rate decreases with increasing den-

sity.I . Sirzle and double-base propellante In •h•ch the solid phase
i s homgeneous hwe apparently .hnacrual e.n.-ctivity as the rate deter-
.14i., :4obor. That is, epparently the rate in these *ýIlosives is

__ ceterz-Anec by the temperature &L ý4%ý volid-vapor .Aatarface, sut that
initial process of deco.ositin ic-3 andothergau or much less exother-
mic than the overall reaction. :Lost -f the heat is thus generated a
shrt. cGistiance away from solid-vapor interfeee and must bo trmnsferred
back to support the r.ntotn+ h. T mya'rw.+-- --- V4--+ .- P-- t
surface (temperat-._ bt.Irg snaglest it Vtt solid surface) th,.refore
increasea i,.h opressuree. and the effective surace tempure÷i., also

U increases with pressure. The result is Uhat 'he burnirg rate increases
with pressure.

The anom.lous D(ol) curves observed at d - 10 cm In 9/10I
AN.K.-T4T sre believed rharacteristic of AN-combustible mixtures in mall LdLi.a.ter-s.

Qman.itati .-e studies of the D/D* v,. Pl curves of such mi.%,-
tures by seat.: of the detonation head model shouad thus provide the
imcessary reac.tion rate data for the study of their reaction kinetics.
T t toi osiu±w Lhat au.h studies would lelad to valuable inforation an=~sa tranMfer 4n ga~es e- highi denaiti*& And presauresp In addite: = to

Simportant ptctical and theoretical information on the reautdon k.Ln-

.ic e of AN-co Wbustible mixt ur.es. 2Co do t a
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Confl dential Patridge, Ualsenb~ck

-,9.94 (d) x 6.. (L) cm Oiargoe

.Il. Particle D~b)Al Particle '5(obs)

-2200 15~ 113 Failed - o6'001: .. 'i

1.13 Low -100 200 1.12
-200 . 3'2 -. 4. 95.S.2 1.32050 -325 1.20 3225I -6 . A parLIC1lO tSue ..

65 + 100 1.15 Failed + 46 13.3 Percent
-I00 + 150 1.14 3170 -48 + 65 60.2 Percent
-150 + 0 2865 - 65+ I 22.5 ,'ren
S200* 325 Lid 2"0 -100 +.0 Pe5cen.

-351.20 2100

*St.,.WArd. Tyler Moab

Table III: Critical DAemot-61 DOta for AN-Al KUturel.

?-rcsnt~ II U~rticle Size* C"tca l z~a

0 -.325 12.7 4 d < .. 0
2 -325 5.0

2 -325 2.5
6 -325 2.5 *

15 -325

20 -325 5< d < 5.0
30 -325 5.0
40 -325 W. 5
10 4 + 325 5.0
12 48 + 32 5 < do < 7.5
& -150 + 200 10.0

10 -1oo +, 2,0 10.0

15 65 + 00 10.0
*AN apprmdateiZ tte 3am* throughout--see Table 11

125Confdntial

lamina-
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Partride',, UrsenbACh

?ab.e IV: Variationu of Velocgty with Densit.y in

AC/O A fA '10 x 60 ~)) ~ '(1) (10 x 6M
AN C .a-e D AN - uarg_ --

S"ae (a/se) Sample (g(•,o) (i-u.
1* 1.36 Lp" 326o 0.88 3310
i I.. P 3390 " - 0 T 34V.1 1.±• p 3550 1 P.. •
1 1.29 P ., 1.17 p 3330

0.9 Iln P 31
P 3485 7 1.08 p 3315

2 1.17 p 3290 7 1.0U431L
2 .2 p 2530 7 1.17 p 3210
3 1.07 p 3520 7 1.03 PC 3735
3 0.9 PC 3490 7 1.27 4 205

4.1 p 3405 7 1.07 PC 71 i4 1.0 PC 3715
-5 14^8 p Fa~id _

5 0.-5 PC -675
6 1.12 o.?-

•6 1.11 LP 2525

lIScrafn Analysis of samples 1, 6, 7 were as follows:

AN Pou rticie 3e* •aLt

- 10. 20 -5.1-

- 20•.1 5 - 70.9
. 4 5 85 2.9 48.41

-6 5 +IG 10 2. 0.9 36.9
-100 *150 10.1 43'
-150 + 200 4.8 -2..C

-2mX 8.1 -2.4

Smaples 2, 3, 4, and 5 wore the ame up suiple 1 but had aged to 27 *
dsys. Aging of~ AN causes definite changes,, the most *.LguilLanV of
which is the. packirg quality.

*ILP a Ioo~a packc~ p,p - pressed, po s pressed and cruehed to a loama
povw:Ier wth±"h •ms then locse-packed. This gavo a loose-packed product
of tho ýmml '-rtielse size as ini the correspondinrg pressed charges.

. p" _•n -- " 1 . .. .6l ,, n r• _ enI' al-:; • -
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Ia~jiji T ,~i ~ ?i~'W, 71 _9A :
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COVA243OF EXF.3,VF.
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44

'in

CQMACbOXL2G 'U~F TCI'l -. Orn*t~

mn~~~~. In diaetr. fD- :,z ta4..-a..rac.12

VIL~s Wm th recto x~u. cA~d ha~ws k~ hesa-yt7

bythe n ature a~±t t heam Thc5M dato~Wul bear~vd !4 a

-~~aierto of flowt ~comuticn~oa Q*i~t Lo~*O ~3~Mt

Lyt~ vhcla i~ the Qb*-geis w bl* Tn pamty ra lf +-b ofVS 01060 I

rad~~ia.L ~ le abyi ~ the frces. ": Vo.-im 1&ewr tlm ý ~~i

A rU6 s thereactmou of flmt £ boBndcti in ~a-eW the tit m
reeiotlam zme is boyiou ar se m-f~10 tmim~ ethodspt ada1 vouUnSO
rewt h1e pevfont~mmuhi is not31 evailab&U, vb89 t±6j base~d to=
.qm*1',ab~m reasu1tions2 samtlqitei ~A~ JAvou aprafala",i, 0have

byUa t!c ases ofp theo stb31. of dheatlhoatwer heaU by. amg2

__ ~ t by Ly.4 &d ble cao-irkw s. dWvr haiw dat=i;oyo thes flow



A.A

not- ~ .ri .,";V th#1 eXtAnt that, -14! pffect. CO.A.tioMS
'4 vt'hlo tba 2r~.otio %.* 11* CIuV.-40 1.40ft tb= of Syriza Mnd. his

~4I~MAJ~d 4D . for- tbis -T-b4)ae.Th r~]ation betwen
7-1 Lze inai.?stur of tbo fronz .and ocundti~s Ya* I th.btrge dismterz M

bac vWaJ be ~±tgtto wistablisb and moe d=fc,.L, ;cr, i vra.
I n-A 7he f I.-. 'ebind the rew~ttrun ýo-m bA.. 'omen mauyzen Zor se.'ural setsoC i-veuls ;iaa!"J"ons nLcludiu th.esj f= the ed.? .7f s semi-Infiai'tA

Ob~iPO)au~t 4 th:AA eased celilir(~4). 4

Tt bAs been notAb th~at a very smoll abare af %Q v heavily.
~y. cwifined~. astal, b&W~at4 qui4te #~iai&dVAA &'AfZ*C taz,b top smc4

v *. fl44 ?A, b*Ai lad t4 tbO4fe q P1oFZt of ai
scletehorp i the measuremoat at ietmaiant± ,ejwcitYU).
ted t ~Ire4 the hIzI +b~t a ¶luqful mum e- OeiT&IAAl6U

e~iMloiY5 of vhloh OCaly Mus~f 4quntitles ore avallaasi lie~ i.~n
a dent test %A which the dontes axe. produced. bgr &&&Up, UOI- con-flzedo

* h blv&rao o this3 d=Mfrece Lai "reeU wa theAio different*~d in Usf=tG=tuii=v two types at test.

reaction SCans 2W C~10sive co1ume used in most at the SZ& SCMIC
erimets yore awonfld In metal qry nmers so thick that. ruthwt

increase bad nag'ggiblo effeet %q4=the reaml-ts. M tbhr cased

the Owcar boiwidpwies of the t.4e neMT- n~vt Iva '-raisr'4d.

Aluseable wcpreuuIw u. bee= derived, which reiatis the depth
to Use p-.vpertlev o# the enp3oolwe arA conftizing radium. An

Lmr-t,+Mt £551UfltCC i to-,$ derivation is tbat the lccfih UZi tn
h4eW d bif V1h ressure produ~ct Lmses followlng the AetaAatica is

discussion of the application and 1.1-%itations ct the use at -his
,,.aexrcession together vith illlust~rative 4&U,.

~Enr~iwmZA ftobnIqaue MMand ngn

0~ 4+&+-d Abn~w; the dent producted by sms.1. hb± Q1 caaft -4
'-1i04ws at Ovlosives vas first ocmaicnred "s n=osnamcal aGWS of
.YalustizC Lverlmenatal explosives. So w&e mumt at egd~Jh~satIz&-O, ne &S &a very eutractkm feature. To explora tk~e possibilitiao

Of ~ teot a series at trials vago mowde .th the 8seaewlM
&rrsuwt,'mt shmme tu rigur* i.

_ ITA
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i A-;A I Te t.Vloaives V7St lmleia Into haa- Vawl'-ad tM~s tubes %mde
e54 -- IUV dX1144 mad m-Unaiuiu UM~' nWAO4M TL~jz TDO .5Car-1:. d 4L4

(me emAii..or C rt jser'tim of an .,Leotwic I.nitiator. Most Ct tho I
Inaying &boe. o*a wA a hallf laches for the a2~2os1Ye eoLvom,
3avar%. nIze,5 or tubas were used =InoluC~ 0",0, Ol.r,, 0".20 And O" 25
iwr.sdm J. -munrs, IZ ratio uf tht outside diameer cif tkwe tubes tv
kii* :Ab-, dimt wanm ammzu !no~r, U"~h 6.6f. It IS bIaUI&*VE tZW,
.Lim~ rtio was Lar~. enough for ade~quate conti~mmnt In eac4 case"

m!thn4. %k ftUTmi inr9.su vmLIA beme bed a nhglIible otfa.%t.
TP- ±olws um vech ý'ah d9~s Were INW& warm rwu 1."' l wavela-

m~t %rmu one by twm i'ieh caid rinaiMCL, "" li.&3t steel lurne.i

A dent were verifie m~ c ~ t~giw of t"eboAf" hi= YQ1U cold fiished.

b m tbe !I~ %"a4&L~ pr04cs"l ro.4e v.con St.~i 3,,000 ps,800 s*

TheM dP*Is lnevdoate vone uea~ew4 to lthe desto not awe Uae
dsthe~a diithe %ca bolaec Inofe toe rAc * ath vadiationsfr w
density da~t to vall ttiti vbicstoccur vba tlea ezpanei~ AtM
diLl ImiMa.o tpedtesta VMSt0N Wee-i-Ifv thme. R- d pressuresa c~
uasingty bel~in 1*iat by ncs1n4the 8) Ino wihrsamet amms. rae fnof
7Ytmaiwamvrfed %-#-~iif mme-mmfts at' th wvoum A n ma aeth

AW'--m a mlle 14 atxi Lat, t4wo0 oPoaIt idas* toemd,
T, hee sthe of dtaus waretktw usamdlg toee wthe eees parto

dotu5 rAI the of~ Surfaice ofe t'g' bavmck. Cat, a dis ance fr
from t~a~m daut to~e b+T ixa umlis. *i **Iba d bytemlme~ An Aw
dia iniao Pedsta theak test.ue*th epetA~ a

ea M* b ULlted byOf the bla vit reaec~ti ti.-d tW itel o

~'~X er dir uumzir a" V.uziety .vv, ofm cofIA4g beda ~.tbes viE'J

befomz thictest.

.ta de of t'o velocities of th S ezilosie& tusa 4 IM thef-'*1
0:w c%!TerI -tm~e' upo m thes zresults at;U utlic tuhe ava~ lce6.
4za dtom at roca-lty.~rmt aot Ye..- thist rend the aduh&atat.-
veloity were meadued mft & eahetyao. coning mdnitae andtues of~tME

frMn i ,wemntatta vaeth iues~ of the bo@Lves Izao winh the lf
tura~ Lim yestm 4 loade and vi estru at eluvsc ~Itemoyera Indk.,4
Toih~ the mm ccautae b~efr~e aohndj afensoaity. end s detuou~tio=
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CCUMMICAL

vog-uovtios' w;,,T dtawmined by agS1i~bbs tir.J z~U~yTd~ fur thisI
:jt~at~hm tz +-avers. the 1Ust iu~ncittnco'.~ m~o~~
mii8urment tW3 essenthia11i' fat. Ji.*et-Aem by lipaki !Taw tim-

GOO" in ard r, to e~u the detonation velmctys the cmbmJJ~a it
ti_ c -~~oit colmmnj, was Wsd In eaeotims to far.11tLMa

UUM WWI~iion c an ~i ptonVbe ore. Una freuw the end. im Inc
lon aoluc1'p "s marV, Idmntical to t1e final Inch sm possible, bot~ht!

at i)m4img Od vmCS~lumnSts preceded thu S~OiCM oftt AIdabc the 9
vel.ocity voikmenr ~uue4. Omis latter rntlan v" for the P)WOSO O

jai Izaswim±g tbIat the detOmXiim had s~ab124.5d Wofan* th velocity waso

The daM.. obtalnftd, Jiguree 2,,'~~ or lems 0y~ummrtCL
vit mmr~yfla botaw ft cbargel0ued vw l m mU4004 uso that

the maly measurable m~Aoomatlan o the Pluteo ther thin tUe 4mt vas

a ~iUiht aitelling ebout 0!"0 p vhtch "m radially' qiinsti~ca to thu 1
dent. Mm viraf 3 the dvptba -.;f dents obtaitwd vitU COiai biLh
explosiwes MAd fc. r columnz dismter ane PIOMAu Verm tw h

The voulooties Usa -,a thua plot veme 8stamine from the 106w(10)
dowsitlas moir5 Ovetorotimi felftity.4emaLty data trM M.D. UVf
Not* the Linear welationuh~p ef dimpth of dent to 4wJstcma1 veolstre
The convervemnc of the limes at a point :Ls probably not ul&IM osmate .
To cha.a %% dau~ted wiLth a few lwmmtx at 1ud mift between
the Initiator eia the main cbM Lve 1. 5 Thi 4tmao .h

could casew conusiderble dttftlalyIf.t it Wt A to be ccaaldweA, In the
InUrepretatiam at reuultse Zowevrw, if the amemtixa= be zMCS
*4%t +Lv .je%. to sussiue enft"Iye %y tboo abmage msteria1 a tairl.y
ai~l.l relationabip betwoft i; depth e.am%+ sa the ~r~rpatles at
the e~sivoie may be da.vd Ut wvas Umrtfox* amemoe..S boI, ~Ast5?Id.fe the &ariatl~on tf depth of dent with langta at ww3oaive

A StAiY Of tba elfeCot ce *burge dimanulms cc *ben dep'th at dam~I~OL ndertkahm. Margas ct lead aside and +A-tyl a VhI~oh th 5 Ie

:_ riottion"l colum an sgths of the two mater.ida we vuarid vw- I
4itooated om thoe wfta ca meitel '~ates mAd a, mw of the d4ptA
ct dlent WeS m~dm The 4MViplovsi wase loaded, in 40olis CC total I o
i1.Dath 0, j*0 I" OP d V at S8,000 Pat in bom v~alled oontade.

-rno rusults of Utuse. exVr1msmts tee ;latts~1 In Figunre 4. Note
+.%,Lt. both t.ý +t&ta' coltz-a lenth (Y) and tUs ImatIh t the twtayl
colmn U~i., afrect the iapth at dent when theme Tzanbtitti we mI.1,
but kwhe 't- total %,o11m I emth cuedes~ about an Inch mm tan

l:C+ý. t the tetrl call= isowwer S I~r~tl five 4lat--s
A 4yeAl-ar everiieent m~ revfo1m*d in tohich tbs depth ot e~t wAs

Sf-~metim a t,.taa .2olia. ]Aitl far 19414 52140.

1.33 OC MW!IAL



SS 1-tr 1

Fiu3 5*T-. th4±s efeW1ciMt M 9-Andard length of tubs vc u i d so
~ 4 thoM, the aU- Mp between tbe iMUMtAV orla the colum deazw.nutd as

tb.- oirciv ai~th in Zi-7:.c;i. Ta A1446 Of the u,.agve it*MB to
iaaditate -tP-t the eg±?eot of this chmmp in &. -" izd~t-sog
am .416mosiw 12011- Is n-iEd2gbla. "m nor~th of don+~ boaan
lnffý Of USe lorgh &ý the oo1m wbax tOn colw3& lensta& *Xce~dS
abouxt a half up= ft lar'spr ralatio 4ispwrsimis with load aside

IA.be attributro.± at la~t LD Part to th& rtfiia Of 2a0&1 Which bed
to bo rimoiad fr=a .L* 6Aut I-*Oz Akn shaduzemats,

A rathez' interatýn feature of the results of the**

*g0o1sent Is the ro'rl U*1 er x1 4t,.as. ~ btweten the depth of
U" w!tm eus-ia aoitpFium3. hb c4umuli* aMY 1

i -ýn.ard wthE dthoa& oU in in 4~ 1wwscl6bu ~ gurM

th -e it _' --V d' W .' %
vnica the ax#3.oe±Ys vas loaded, hi !ba narent oont 4tic~on may be
.~ains3d by the fa&ct that the larger cbmrAxs vwn be~r vh±La the
emiler chwps 4±aaussea. 1ael vere MOi~z confined in atal. r#,

to tbelieve Vat the fo'2 g ultaiedicsiot. adI
-=est&m what ves eneitiomaofth eall observed*y Ccoaaldwst of~

danU' In metals boa saly ben Inemta concion difetl dasse.Sd tby
*,Am fas.~ Af tgene~raliytiau my be i to-z .. from thades thsan
canrd datais hat te vrk damtm tIn prld rche a stable In ndwIowa
to.d the voum at the ilea.oi t t h y3nhziS

Mfee tize &a& a itm.Dofthe whse of ld o=Oh&
'NW -.Miaurv OLswihflosadtamtlcuI iecla.unmdb

-~~~U t atur at 4±UCM eaAIitwill Waes nzbitA flly dtte f c the m-aterad
ca!.gh vla thtir.' 'sm ab3.y t the &,fmreache af sthe ecta t.
whchI _lx-t4 wta.la vy.u +be peomday deformica a t~w cy lloresea
s~urra of its eolasti Bofth the elsuie atU lwkc am VkMai fl&.b 4Xc

__ ezetb adl a ui,4ta.fo It toe stabilthe Iset~ d ~epend (P) m 4l
coatidee tolsibe p~f W a the bt d.Gmmt and IM iks the paricl
thec.t n~ vm to thseusm I~t vi e. arbitrrl e nd temtra

vaU. b caownt bereP. P~=abs th to tal Woresume" a* Zth wia L

exert vpoa a.~ sufcoies theat aeto bh the atotal- pnesue (P and tS
'1*0-ynxL othe surface. LXtit smLb m&.

'1`



3X±., StresauL

XxA cvwiS14riz tbe atfeet ct 4itsmatei' fU=.n 'VOM tbe
dato3tJ o c a.oJty ot wM.oives, 4.et2 46 hic s big *r~wt-

(a the ba ist that t12* 03ZnSion of ths Cas &Lave P-79aUfitl 4C. the
e~1~ 1 ~aduingi thq -.4action tl=. nIQ qp?')ih C1'FQQtwIa4d bY

- NO L~ing~l) a tba '"nazze tbec2'y"@ In oa siderins alot~~ b~4
Mj the rasat10 & S, the nozzle concept beooes am my IUasfMl A%.
kttbe 3Al of *th* resati= :OM, accor4za~ to -- Mý&,maJbmJ4Uthey

the detmation veocity- MM teinO MALfU aNrdiJata i14 t-b
aetonatic velocij this mows that the parties valwioty !ai eqts3___ to tat, soun alml lsoiyw± a the UviAt M~bit1CB of OtMAL
ode lwv-al. wizU.

Cutun SarIa-di~cbs de**rtbs m, %h-4z~ua*aIc tzst ef5d.
to that of 1P7yoIa, vwheeby ~i-y gorA a Oa IMUS or flOW

monLt~cfl in a && lwava umnal my be ObUaUM&* 1UtWOOcIM A 3et
rimV is awtb~mna i tbM "A that .12. r3awsat quwattt15 OZ

ccmsatnt an +tm* 7urthar ases.~ 1 t the 4adiabJsa e~eaaUM~f
of tUa 05 fol2.am the la tatP in cauxat't, tuat the tlov i
irrotatucmsl, an, Salroalli 1'a isv, a oftet of qmatio Is derITS&
relaft"a the pwehicle valocity, two Oafs oeftlaa &Mva the auAM3.
velocity,. the density, =Al the pmasss by' varlow f~mtwW-w at GOO.

fts Meh. at the unsle formal by the eaeWiS cums IS
detmilnei by the ft-wruestIon at %be e03Io~e tafts NA th
"ceaitatce cc the metal to WGIUSU600m Zi aum M cc a ail'3a
v'CALOML ucaSS14, *S!k]e eatlefaCtozy tfat oaMuM'ewtIOB Of VOS@UC
:=* pbesaoý besms 2az~.wxin6y ~unra2.~tot asi t*hu INgh U
acolsdwartica 1Ucrsa bcauwe It 1aqI1es an usL1dalte WMWa Ot

AA A asmopton VhIch I.S not inrqiaL ostat 06t au2 pew.&
an the aimreow ath +A aasl tie Pragsw to eq9=1 io te pro~aot of
the isbod, veoityp tk k~, l veloa-p 9M the Giesity CC the

mitaL. This Owl1=* frim a not too critleal salies~tIog. at uw law of
conservtion of amstAm. V this re Siomeip Is aembiIw vth tbe

*noss1e -MVt1OMP a CMVstly Ji~ sb t at eCrscAaMs Ma

C- -.~t o V=,v tI possible t bamwAla o~m
for the various flok quantitleia by r. process gf Iteration Tba
syatca scales In tamat..o the GAftwiloalass quantity L O&ODqj/rjIL-O
where L Is the distance behiMd the frnt, f 5Is +As demeity of thetU . rilosive,, Dm is the iletonsila vloc ocity,, r is the reliji at the
ezploslvs chaiom, 100 b tin density at the conflalng w~va ad
AQ is the v~locity 1.1 a aboak In the caofialog ~itts.

If U. Is aseemd: that the 4stona~ticn "hea seal". in e
at the d~mmales ewa~tti anticed above: thAt the vau of a
&at Ini steel. isp'Gct0 to the mnwa awainded In vrodualas It,
tltrt the eacar do,±wm t'o th. plate is &p'Mrowt4aaa2 to that in tb*
"head"; and that,# for a ematst M±~mui .xploeive chawj, tho voba.
)i the dsrnt Produced is Prow~tim~v to its 4*Q the folliw.ng



Woo tt.

NAge
* .w

-- ~-i bymu rat.4u afjp.2a but s ý.~-=smmixq~

2) d./~-. k j*,t (Dq-S/fODG)

M-vbere S is a aot~. rated w h sr-.tt4th steel, 5 and kk
.2eWlosives fo hc ?h elatigflhkab±owe nit*AU=W

we1-n11data &a s W6 p.Lr~dttaa T.w A10 '
It illbe otw tbt euation 2) prei'e±tt tbat the da~ta at

d.- at soul robe w~vtinal to the shook Impedance p the profut at
A t the de!i*4t andA thit shock velocit~rs of the age*e* A series at

.~eiw1wnt& vas =d~ertakea to test this gredictSvai. Thse
.zpeiinects differ*& 1frc the pr'evioua s m*ainly In thet tkn
'acatining medium vex varied. Zohe results at thses .ewsraits arme
sava n OlU bles I and IT. One coa~itlms at the aw-af~la UI

~egiven in Table III It ir. seen ftm Table Is vhich shosM the
effect oC case acCimeLMSt zor 6=11 chargeis or PBS.. tb+t the
dotmrnatimI vaeao~ty of thxe MMT doom wt (hAUP ag a V=Wc.tCon 0" .h

i let tetlt; dae# C-Mae. Vtb the co~ining as" and Lea 4ýxatly

Tej-'i44d to the abaractxilstii shot.k imeance at the owfuining case.Ik
Note thoage sm " bween the shnek velocities ms&;usC using
entirely diffemtt nothoai @ TAU ie to Ind.ca-tiou thai. the time Cut
tl= zxactieo1 of tri ýMh W.. '00 (U3.Clts ini -.W ohm@* *-b~* ths

i±2n U two w~'ctlin tow fir At. .ýwiiaiol by -oaAnww~ut, bu~tL
silue the magiued output o4 the I?!'Z abarge !A clhd tb rlY
candtious IA the det~ontiv*a bead must bay. gcmsgwdh.

The "-Týwahieh twake iolacj In Wff rhen ewnfinod. ini vurilaun
- z~aia U. not so inli* as uhe'vn by an inm'p.(tiam at 1%bl.e U., aA

la a ""r qWpefcit cases, tkat is, for w hDctminsd in *to*-,, ha
-all ai L~x 71z-= 8. * r this .zplorive tbee 1s bath a vvý.octty
011SUs 613d An outVUt Chang d.u to ~Tf~n~wmt* Mis aroe by

~caesaued velznity and the W~ 3s scaLU velocity foir t-oI
sAmeEe..eariY.. w Utta~tiOU ?sJ~ftWW @sUCe 15335 scale veloacity

ia tiL16 respwt is that obts±ne fr=m ezperimental rate-lmaing

J~1'±.La &aL laer XV...tct~an at 4angity.

A ouvarisam of the wee atilo, em lengths far pM M&d fl

M tr* ~~ctzaiaed uising welatinoaaw. d~w:Lv', jy 4y Lng etg~lj

- Off..
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vbare D as dAt=at± velocit-, (measured)
Di -ideal datconttm velocity (larpw..Uaa)B o-at 'a weIftneth

denslt-- aC case

subst~tuting vabas fram Table I far' 22 caminaed In atm3.
V a 1~.35) .2n

subgs-titw-ng val~ues f%= Table Ii for M'(S 1.36) am 2.4

substitaiting vUwo tio Af4I &'CC~ (S 1.58) a-.106 US 16
obandfor the lw3h~? af too e wactim swues mom 4n

if vo. egging that tba ro..u S=- 3a-th gt PRO Ls slubar Tian
tbAt of Mfr-CA thq efrf-e, t 00f c ewnt an each Oxpupsive. sad
frem the eamparative sens~t 4vity CC 840, lOVINIe. ftus am was*

all timi. ti mcl saw lng+ths for the two ezpjosive, M~ so&
d~rsp~ibyfews similar candtions of oqmfuwwmat ad 1UvdlW,. 3

Me esuts btAizea, vith aluf1nus n w4sM phusm
oftbeir 1nitatims, *It is cleawrw a gianle 61 CClg3 t

tba Pmedi*Led offectiv'mnins of a ooc1.img &iiom Lagresws oU
jsharply a Us tsaback veloeity approachas thke detcAmt~o veloity of z
the explosive that its density aee~me@ a secoadaV7 bIitartafe. 1I4 soa
~idU be not~l +hat the detosatiomi velocities at ='~ kw"i.~ lcadM - 14.
dmalties5, a lhigbm tbau -tho called Imbabbift. Aspr6 I-
b, .qateicina 3) # vaaeiich ana, t th i- abwac &-e j,4xwutis a& Io
Wetar em Et~fing ma±din than 1.4bbitt so t=. as taattoa yilocity Ia

Idi oa~cerned., but as Pr'edictsd, by equaatioa 2) vht.ah was asu-'ia-~l
COM81aidrlM the whole datOnati0 MUSA, IL ft %A W iec ttrcI=&zi33IIIMeiit



nod±'.m than aluminti an Ind~catea by tbs "6ba test, Tba W±.1ioulty t
arises vbi'n an attempt is x*Ad to uoxo 4ýeatJuon 3) qantitatively.

-~ Me aeaning af dhe im61gay quantity rewblting fraa the substituti.onW

g.1P

-l _ Ali. of t- +-bee used in thm ezperimienns described.
abctv' were 00 thickz that It USa aissue that , t Inc-oue InItbiknss wfvi ==a"ibaafccb.o A zerias of eOiarlments vas vs

runwit tuss .& ariM hicneseso74 results cif these
experimonts are glvwm in Ta~bles W and V. The on. inch outside
dismter tr:ý,a used In the yrevlousl~y Uaiontem eq~ersa~fti awe

ah~s. ..... t. =w;: to justify t 5 Wassiotim. ltsulTas ab~tzAd

wJlSA£&bi amL 1:lva .AW WbULU IV. F7,1Lhar Uae material wr Ube

veiocity of PENwhich ixlarge enough to be detected with the-
intrmmst~n ~ve bedntyoodcepbowvepvar~,ies aystemti- V.

caLly with the autside dlmter for each coufinlag aedmue

Since the resulIts CC the eUarIaantO Vith tht dA'ns.- CiiflnU M
medis, vere mos nearly as enpecteds these eagerliinnts will be
considiwod firs+.* In terms if the InterpmsieauonatO dent. test data ta
em wihich this psomw has been baseed the effect at the oiltsi~e

!is %LUsnogh batthe rarefaction wave which Is the vi~lection
of te sockveve Zzam, the surace reaches the bare ar Z;e t#ube

vitin bal4nfth of the datonation beed* It 1% In "sssid that
sbok ad rrefi-= wvesor U nt"'MWl ~a bave a constant
velcitp te dstmum, ". fom bodetoa~Iml rott the pita

where the rasteaticmo wave 1nUamter.t the beve neo be obtained. fram O

&in B4oDc/j.j5) L kicat

mtl end "'W" in tim Uaiamess of the abute. If we app2. theae

~~iw~to t.ýe da4as rw ~kag amcfIned in steel, the IV' ith ad,

4k ~is In the ne1 bbee1M4 of tbreo Millimters. The
-- %~r~~szeks tbewave fro"t goometZr ý, .c Ol3 4C~t~ tOQ &WSSj

=n those simle terms, %ut an order of ianintuds coreatAon uMgkIi be ex;?ctd4. Ira$s whose shock velocity and density wre close to
thoge of stee2.,t iz quite similar In Its behavior ta a cm1diug
taedium both v~th thick man thin Walls. Th- ouxtside diameter at which h

__bA OffM at~ Q : &h Uxfsc retrefSCiOA is Doticeale shouJ4 w
SwYlar 0-tv ba~bbitt both beca~ssa s a powrer oonininag swam i,+

would swTPOrt aL dhorter detonation bead end because oZ its lover

I shock IrclOcitY., the ratio of "L -to "t" In emtawa~n I4) end)
is 2~i"n. Thil expectation ic rczlised, TO!*a 17.

2.38 Cwx==3



4 AL, , Stieo.

wEvatioul 41 aai) 5) canntrL 14 app3iedi to ai±rnum and
~hi~Mii3 b~e~u. thir Sh~ VOJhqV11-.LU* e-XCC. the 4CtMM;Lou

v~elocity of the explouives t= IV~Thfstin f~atuwe CC tb uIeMSI'U S

=and4 ailu:.nma data is the ahe~p ftL~WC-0 In depth of denlt with b
MA baergmtoin of this shapes of the dents pr'oduoed 2aft w. doubt that bt
64thijs inweasev aosocizted witha s uibstantial3 c~tribut5U.'4by the

ME eww ~to the denting. kraretly thrh ot~tric.13, duae to tbair gmd A

to cn~trbuteapprcia ly b. ratbar uhwp brsk at 0.43in5Lch L.
diametar my "ae asoite iiaodstributlio af thls inmntmaI

*over so lrean am thb the pressue ameted m tUs st"e3 was
reduced belca the rather def Inive yield point at thIs Awoi 1AL

The results obtained. with T In tubcs of vwvr 4lm~t~r, AA
Table I., ami quite sWlam to those obtaSined with PM# azcapt that,
N1-+.h the mterial. *W th~ckss of oc moofit s~ect ibe 4etcant~ca ItE
vaujcity. ".A* dacaiese at datmation veLmcity with tl cutaide I
&iamte of the st~tubes Is aboujt what might hae= been m.tlc1~atodoit
Tbe appren1St Increse. at datcoatLn valoclity wi~th decresing outeidu
disumter of the banbbitt tubhes vas quite unexpected wA has not yet
been ei3QU~nd. ".t PaM"I v t o mesurment abmzatias to bein V

qMI kinetic" ener bypi enti at sfe i vol tim a a~Is basedcs Ned
uu~h ~a ewxgt that ta£ a pr~O ess gft fradents LUrte n" iwbscts of to

YoxIe m3.3. a 408I angles, tau preairs he~ is in1.aMteAtelee I?
eniealists Ast texpangle. angor Inc~reange hovher tso dordial is
Meow~rs gradients 2be wanseim ange tat TA* wes et fored bya

OVA. Lhe xnteracstio, at detos. iw dexpoendate viithe theminfltgmedia
Inox*e" a t'. sook t medne of~ tbt mM~ediW).a axialso~o n emfnt re

of esee in ck r ".a psteem, museta in thrugh sa ermtiu in the b
u~stol plt5 As~d thea acva ±i*Vng tea by b 5mtontinfa, =if ~1= ais~a
derased. tbA in m aco~aof wthe dent nfchl a fre theus~ abowl, 'r1soa

1.39 oaarto u 4,r 2-otznel == den~tsl to
1-rad'vd - VV-,%-40-1



SLIv; Strsamu

an .xwtcted. to go +&vgh op~tlimm for acce mestiw' of the pee. U
as th!?v ch2Inge vith tba &bodk IzPd~an -- the 4,1es-. Irt abouU b
kapt in miz~ tbat this accalamtim IS, ia tkw apposize afractica to
thle detanation so'~Ly ' that the optlamu acceleration wouJA

ftab~z Wi LZ Ist obta.i byt3~wrti

.Th eap'ecit bet-.-.z a.qu.-~ 2) and eawerimennal data wwt
n r*ue 3wr w4 h osl tesaiaiy of the .qtals

of atate dt The reactiom pr'oducts at the explosives used In the"e
experimuts 5m sawmrl usaftlmas at detcmaticn velocity. am
criterion ct eaplasirm peifaiace a3so stirn tra this s~in.awit7,
vor am yuzvoeeu wd with certain e.apoe Ives the ]Ark oft wr aim2m at

ýEmwith abou Uxtiwebre 1 .mc a " . o-
Prapentation resvuis with this ewploolve gave awh p@ýz itults,

Lw~d Purt:A Dwastes14tio my load to -or accvzta PredictI~ms ct
A explosive pwfm'tame tw the use at the miU saabe dent test o~bjugd

MAN vwith the aw.11 scale detoaiati-r- vwLpity inss%=nts.

Some ecrlusicmas wbIcA my be 8twm fwcu the fAwow~in we9 *Ibtt It
U 1. fedepth of the 4mt which Is pyMriad by the 1IVn~w~t

of & deftneetim Van ateel. plate is a f'nctlc of' the Isogth of the

d~e'Matc nee m,. wel asthe me-tak & Zoa 1%-', roo

by ilm actQC cw the o~g1osive cm the ocelnung md2Iu which ~el

SChwmrs cad±n* I thick Sitltubes.

3. Ma ~ GW~i. wwzl mm- maq 'we mWU~ La thimah tubes, U
jL Ta t* wmal. cancept a.2so may be sWplsA to 1=6

yu.1zd-C&l Charges of may ecoriaut t iLf a am, .mwal1..j Uva~t *1
tic massle zic, twma tbe ubyarauJ.±c" t'etet Ise ved.

5. 2Mt the dent test.. embi"y' vith Gdt'AvtioM v.IiocitrmoarA."WM&M, Cam W ai e reli±able predictioins cc 00pabo.&ve
Vezlonwmnse possible whez equatiam ato tztae "aa'iatts affet 4.=

,wLbi.17of prealctica baseA or, datmatim velocitr &1=&,I

140 LT&
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* 3rt~~c~s c i p4Ma l oal 4 ias a WOMD~ t f~ ~ 1

coarlai MUM4 Do Di PC 10 D
74AC AlUOY Die ft"st O. 6 .67501' 1.36e 6.60 3,0M0I,22 0.30 "8o 8o 3.34% 3850
lasnot'm Die Ceat 22 0:1.7 6750 6901.3f0 Xo41 78t34I2 01 .7 6ioo$W 1.380
kELI& 37 o.ivt 65o S8oo I.-A e.50 4159 4g350(13)3 1uauura ken -6 .A$ 6650 "0o 1.370 8.40 has~ hm93(uI)

aorm" 31. 0.42 67m065 1.376 8.80 452.9 147M(1 5 )
30 0.1. 1606~ .3"7 513-3

(1020 ateel) 37 0450 1.351. 56W VO(
P.D~it2T 0.37 6,5 6100 1.33* 9473 M0= 6

4a~ 1.3" 6650 671* 1.32 3217

I7 0.23 6900 697-4 i 212,1

"Ofet~ ct =4;~ (twu"OtAat ou nh;rf ~mo (acins vem ama

-- z-*-n--0--- from Jewat L

DW-UtOo 2Aw dViy ~Ao ornfata wua.~ mi* Otaum U-WA,6I3

1S't~in dC ~ 000!1 icr M MUMak muosua e by otbmp uIYS

149



-- ~~* pt -0ý 77-*~ *. .4 .

-- ~vt-!o of *,o,..-%. Ove fo *C*ctnW'glut*i*

AWDIC Coat Aiqajuwi 4.9*~; I~gme *
Mae~ 0.70**ndagmol 3wita

Brm~e C."Or' 80.00%; Tin 10.00%;
rasa 3.0.00%#

CCMIA& armas (Reviler) om 451-50; zinc 35.9%; Uam 3%

Babbitt 10" 4 t.300~o; VA 10.00%;
APttwW 12.00%; CoqIpe 0.q50%

Nmp~ss~iaA!,minn 2.5-3.5%,; 4apmas

~i.3 V; Cu, 40%Z

ctbw clam2t8 .3 :bz R mLwdow

Pha 0.01%; .,.,a%; g

..INGcr L.'o'oI

arUwoI
'Nip.MH;



-4 AM ;

Il

jIi 
iP

aS

I 1.1IwIspspv ' l
C; 

4*1* 
0^ 4 8 , 0 0 1



.9 e Li t t'esau

od CQ C4A

-4- 4r .'IeI4 .4-1. 4r4 .4 4 .4.4 4 .

~~.1a t , a -

.4 0

'.4 -1 .4 *dif''L

OR. * 0 O 0 9 9 * * 0 119 0 0

'I'

0 -

.I COcn cq

153p toW~"IJ &V :n M



..... ....

'rjw Lepths of tho Dents Pr'oducied in Stael by Varicrnps lopisterp ?~Tjr'y1. CiargiShai thoeng !tfect of Cofinmmut

D! ~ %at t " TL.1-mas DA3Sts Produced by !atst:7 Cao1.sd 1m
oaw t!hWBra$s Bakelite Air

0.2 0.4 50 I29 23

OA3 0.3 93 4052

-0.5 0.25 m2 53 71

0.6 0.2 138708

Dwat~y L i.6 pu/ac
Coliin 'santh - 0.75 Inae)s
WnU am moisswe in thUammds at fnces

.r

I-MJN AMIL.



MS&M,

G.31. DufZay Ard I.E. ~arlns, Ghaica& Reviewsv Vol. U35

a The DetCSAtIan7 VO',Avity &~ So1±' E~1osiiw Contained InI
Imgn Cyl4.rdrical 1'ous of VerliaS Weights, AC 1i.6":-
6 septwbtr 1941, 1. ju~ev.

Noto ~n th itorll~ein2hid- JA ~ ~ lr ae

AC 2093,l 16 XxCa- 1942., 0.I. Toylzr., M. J~mni

(5IAVCMD Report 12122, Small Ua.1. Te.cr±q4" fcr t)suuiament.
of Detonation Vaelocitios, 2'? Dscemw 1931j, Lo goa~t=$
R. Stz'aaia

() NOIM 103381, =ace1lanaocu IPysleaa Testing of Zgplov±ivess

-T-Xv Smith*1, hS'. V 10~ u~m~o

(7) oM1 57246,, Physical &,Qati at =sp2,osive, L.C.. f~tith,

of lasAn Pressusres, L. Mn~ton

(H vAV(R Ruport 2137, "tLnowt nteVc~
~1Timar R. Ztrsaus, C. Goodis

(10) CM 5611 One nta of Detonation of Yartous mT1oasLve
Co~mourie and M;bns Part 31, 1M.D. 11,.w~,i~z

I(U) XAVOBD Raj'ort 90-46j, Tbeor-v of the iDerw~ation Procmas

(12) Ac2.u68, vT 247-j ýVs. Ex. i ,11.janec,

(13) J. AvPl. fths. V" (1953) B.C. S?-zfes vN.L Deal

(i) h. Rev. r5 (-52) 1-94e D.S. :ughess, WL:. Pu j,I

1R. 34b.eaus, LFa. 8%4=r

1 January 191.8, .DX- ?&, W.)(. Zvans,A..Jm



3110-1 8tresau

(1) AVM Report 2B&S. The PropaWa*1r onf S2~ac Wftw
In A11u 'z APri:L !.93 H. Duon hkJmy

!A%*= Paricpt 'pr3,o3 Som Obserystlas at the ch-ra
or Deitit..ts., J. 8ivitt

(19) NOIM 8WAS A MmthoA far the Fabrication of La, )i
Electric L4ft~atos, RNJ. strea.n

(20) MAV= RWP~Jzt VM, 3M'11 SCA1'A Plate Dnt Test,)
Comfinad Cbazvo., W.N.s Sl~e, NJ. 8t"@&u 2.3 ha $a

(21) EAVC8 Ninpvt 8I4-6, Dqtamatl m~m am Zmgh
NMact~ia Zom.. 0. Bere-berg. 0.8. walke



'K

C92: o -
443

U.-1C 33
-18, 336, 360 -•

382v 401m,014.,
39 " :J. 3. - 50, 429

. •. 4 �83Jon, N.- 9S

Zo. o. Jr. - 209 )'tj
,J. 1. -494

,, P. - 33

itt, '4. - 265
ir, A. S. - CM3
mo, Fe C. - 39v 163

ingo, j. C. - 286
.er on, W. R. - 99tfar, B. - 163
)oock, J. :. - 431
toi C. A. .J. -44
lpton, Le Do - CM

yo, W. Heo- 177
lAnd, t. S. - 336
wtons S.- 225
l, J. A,-8l

.1, E. A. -;21

cobs; S. J. - 240
mss S., Jr. - ,

ts', memfern preceded by C roter to 3
•te.-, mue--s rotor t;o pageos in th 0

1.97


